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Abstract

The Olympic Games claim to be exemplars of sustainability, aiming to inspire sustainable
futures around the world. Yet, no systematic evaluation of their sustainability exists. We
develop and apply a model with nine indicators to evaluate the sustainability of the 16
editions of the Summer and Winter Olympic Games between 1992 and 2020, representing a
total cost of more than USD 70 billion. Our model shows that the overall sustainability of the
Olympic Games is medium and that it has declined over time. Salt Lake City 2002 were the
most sustainable Olympic Games in this period, whereas Sochi 2014 and Rio de Janeiro 2016
were the least sustainable. No Olympics, however, score in the top category of our model.
Three actions should make Olympic hosting more sustainable. First, greatly reducing the size
of the event. Second, rotating the Olympics among the same cities. Third, enforcing
independent sustainability standards.
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The Olympic Games are the most watched and the most expensive event on earth. Half the
world’s population is expected to see coverage of the Tokyo Olympics, when and if it takes
place in summer 2021!. This Summer Olympics will have triggered expenditures of between
USD 12 billion and USD 28 billion?, depending on how one counts. These amounts are not
atypical for a Summer Olympic Games?. They make the event one of the most expensive
serial human interventions in the world*. Their high political priority, and the global
attention they attract, give the Olympic Games the potential to alter decision-making at the

national and even international level and to reach people around the world.

The large expenditure and exceptional political leverage of the Olympic Games present a
chance to pioneer necessary sustainability transformations® well beyond the trillion dollar
event industry®. Predominantly an urban mega-project’#, the Olympic Games could prove
particularly useful in addressing the looming sustainability challenges for cities in an age of
rapid urbanization: reducing greenhouse gas emissions, guaranteeing social peace and justice,
providing sustainable mobility and curbing urban sprawl®!?. Together with their exceptional
visibility, the Olympic Games provide a unique platform to reach a global audience and

could serve as a model for cities, countries and other events around the world to emulate.

Academic opinion, however, is divided regarding the sustainability of mega-events such as the
Olympic Games. While some scholars doubt whether mega-events can ever be sustainable,
others extol their virtues. The former group criticizes mega-events as paying mere lip service
to sustainability, while pursuing a business model that plays to elite interests, global
consumption, and transnational investment flows!!"1>. The latter group, by contrast, considers
mega-events as windows of opportunity to push and showcase innovative solutions to global
challenges and as political levers for moving towards sustainable practices of living and

consumption!6-19,

That the Olympics be sustainable is a requirement laid down in the contract between
Olympic host cities and the International Olympic Committee (IOC). Sustainability is one of
the three pillars of the IOC’s roadmap for the future, Olympic Agenda 2020 and features
prominently in its continuation, Olympic Agenda 2020+52°. The IOC’s sustainability
strategy aims to ‘ensure the Olympic Games are at the forefront in the field of
sustainability’?!. In 2018, the United Nations passed a resolution that declared ‘sport as an
enabler of sustainable development™?? and signed a letter of intent highlighting the
contribution of the Olympic Games to the UN Sustainable Development Goals (SDG)?3.

Nonetheless, there is a notable absence of systematic studies that interrogate such claims. The



IOC made an effort in the early 2000s to set up a coherent measurement of the impacts of the
Olympic Games in each host city over a period of more than ten years, in an attempt to
foreground sustainability objectives?*. Only the Winter Olympics in Vancouver in 2010,
however, completed the full cycle of this so-called Olympic Games Impact (OGI) study, and it
was subsequently abandoned in 2017. The few independent attempts to evaluate the
sustainability of the Olympic Games, and of mega-events more generally, are limited to one
edition of the event and operate with incommensurable models that make longitudinal

comparisons impossible.

Against this background, this contribution evaluates, for the first time, the sustainability of the
Olympic Games in a systematic longitudinal study. It analyzes the 16 editions of the Summer
and Winter Olympic Games from Albertville 1992 to Tokyo 2020 (N=16)%. This sample
represents total sports-related costs of more than to USD 70 billion, not counting the cost of
ancillary infrastructure, which is often multiple times higher3. It represents an important
advance both for sustainability scholarship and for sustainability policy. For scholars, it offers
a model for conceptualizing and empirically evaluating the often diverging claims regarding
the sustainability of humankind’s largest and most expensive event. For decision-makers, it
provides empirical data for policy outcomes?®, answering the question to what degree hosting

the Olympics can or cannot contribute to sustainability goals.

Results

Sustainability remains an elusive concept in the Olympic Games, and in mega- events more
generally. Every Olympic Games now claims to be sustainable, but all equally fail to provide

a coherent definition or model for independent evaluation?’ 29,

Definition, model and sample

Filling this lacuna, we first develop a definition and conceptual model of the sustainability of
the Olympic Games, depicted in Figure 1. We define ‘sustainable Olympic Games’ along
three dimensions: having a limited ecological and material footprint, enhancing social justice,
and demonstrating economic efficiency. This definition reflects current debates on
sustainability as minimizing resource use, while guaranteeing minimum thresholds of social
and economic well-being®’. The model strikes a balance between strong conceptions of
sustainability, which would put ecological limits over social and economic gains, and weak

conceptions of sustainability, which would see the ecological, social and economic dimensions



as mutually substitutable and have a stronger focus on social and economic development3!. It

ties into policy debates on sustainability such as the 17 United Nations SDGs, which envision

just human development while decoupling resource consumption®?, and the Paris

Agreement?3.
The conceptual model further subdivides each of the three dimensions of sustainability into

three indicators (indicated with icons in Figure 1) that we measured for each Olympic Games

from 1992 to 2020.
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Figure 1: Definition and conceptual model of sustainability in the Olympic
Games. 7he definition and model assign equal weight to the classic three dimensions of sustainability (inner

ring - ecological, social, economic), evaluating them with three indicators each (outer ring).

From this conceptual model, we develop a scorecard for measuring sustainability?’. We score
each of the nine indicators on a scale from 0 to 100, where 0 means ‘least sustainable’ and
100 ‘most sustainable’. In assigning equal weight to each dimension, we correct for the

predominant focus of existing studies on the economic impacts of events and on ‘greening’



(waste reduction, environmental impacts, eco-certification, etc.), at the expense of the social

dimension 283436,

We then apply the model to all Olympic Games since 1992 (N=16), based on our database?>.
1992 marks the beginning of a period of strong growth in the size of the Olympic Games?’,
bringing challenges of sustainability to the fore. At the same time, ideas of sustainability
started to gain more traction with the Earth Summit in Rio de Janeiro and sustained
attention to environmental issues in the Olympic Games started to emerge. Supplementary
Table 1 provides full details of each indicator and the Methods section explains the approach

to constructing the model and the scorecard.

Overall sustainability: ecological, social and economic

Overall results in Figure 2a demonstrate that the sustainability of the Olympic Games from
1992 to 2020 is medium, at 48 out of 100 points possible. Mean scores for each of the three
dimensions fall within a narrow range of 44 (ecological dimension) to 47 (economic
dimension) and 51 (social dimension). Sustainability is therefore fairly consistent across the

three dimensions.
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Figure 2: Overall sustainability of the Olympic Games 1992-2020 by indicator. a,
mean values of mine sustainability indicators. b, distribution of values. Dots show the mean value, middle lines
show the median, box limits show upper and lower quartiles, whiskers show maximum./minimum. See

Supplementary Data for full descriptive statistics.



There are, however, important differences between the scores of indicators. ‘Budget balance’
shows the lowest value (M=26), underscoring the Olympics’ consistent history of cost
overrun®. ‘New construction’ and ‘social safety’ also receive poor ratings (M=35 for both),
indicating that extensive construction of new sports venues and the displacement of people
are regular occurrences in the preparation for an Olympic Games. By contrast, the Olympic
Games have a relatively strong record in finding adequate after-use for the key sports and
non-sports venues, as expressed in the indicator ‘long-term viability’ (M=76). This finding
suggests the need to revise the dominant opinion that the event leaves numerous so-called
white elephants, that is, oversized and underused sports venues®® *0. On average, the

Olympics in our sample also enjoy high public approval (M=69).

The mean values disguise considerable variance in the scores of each indicator across the 16
Olympic Games in the sample (see Figure 2b). Scores range on the full scale from 0 to 100 for
six out of the nine indicators. This means that there is little consistency in how individual
Olympic Games score on the indicators, with both very high and very low scores present.
The presence of very high values (between 80 and 100) on each of the indicators also suggests
that, in general, it has been possible to obtain high scores and it is therefore conceivable to

have much higher overall sustainability scores than the middling ones in our sample.

Development over time

During the time period covered in our sample, the IOC and Olympic organizers adopted
global policies such as Agenda 21 and the SDGs and applied them to the Olympic Games*!.
Our data show, however, that despite these measures the sustainability of the Olympic
Games has decreased over time (roverai=—0.59, p<0.05). This negative trend becomes evident
from Figure 3. It holds true for all but the economic dimension, with the ecological record
declining the most (recological=—0.65, p<0.01; rsocia=—0.56, p<0.05). The Winter Games in
Vancouver in 2010 were the first to be proclaimed as ‘sustainable Games™?. Yet, the
Olympics held before Vancouver 2010 were more sustainable than those from Vancouver
onward: Olympic Games from 1992 to 2008 have a mean sustainability score of 53 points,
whereas those since Vancouver 2010 stand at only 39 points — a statistically significant
difference (t(14)= —2.80, p=0.01). The promotion of the environment and sustainability to a
pillar of the Olympic policy agenda, as illustrated in Figure 3, has not been able to stop or

reverse the decline of sustainability over time.
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Figure 3: Trend lines and important milestones of sustainability in the Olympic
Games, 1992-2020. Sustainability is decreasing overall and in its ecological and social dimension. Dots
indicate indwidual values of the Olympic Games, whereas dashed lines indicate linear trends. All trends lines,

except for the economic one, are significant at p<0.00.

Differences between Winter and Summer Games

The Summer and Winter Olympic Games have similar overall sustainability (Msummer=45,
Muwiner=51, t(14)= 0.98, p=0.35). There are, however, strong divergences between the scores
of individual indicators, as displayed in Figure 4. The Winter Games have a significantly

—2.65, p=0.02) than the Summer Games. The Winter Games

smaller visitor footprint (t(14)
have also grown much less than that of the Summer Games and displace fewer people, which
is likely due to the smaller size of the required venues and urban infrastructure, (t(11)=—2.32,
p=0.05, marginally above the threshold for statistical significance). By contrast, the Summer

Games have a significantly lower share of new venues (t(14)=2.65, p=0.02). The specialized



venues required for the Winter Games, such as ski jumps and bobsleigh tracks, might

contribute to that result. The Summer Games also garner higher approval than the Winter

Games (t=2.15, p=0.05, marginally above the threshold for statistical significance), perhaps

because winter sports appeal to a smaller share of the population. All other differences are not

statistically significant.
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Figure 4: Sustainability of Summer and Winter Olympic Games compared, 1992-

2020. a, mean values of nine sustainability indicators. Summer and Winter Olympic Games have similar

overall means but significant divergences for indwidual indicators. b, distribution of values. Dots show the

mean value, middle lines show the median, box limats show upper and lower quartiles, whiskers show

maximum,/minimum, asterisk show outliers (1.5 times the interquartile range above the 75th percentile or

below the 25th percentile). See Supplementary Data_for full descriptive statistics.



The sustainability record of the Winter Games fluctuates much more than that of the
Summer Olympics (SDsummer=8 vs. SDwinier=15). The extremes of the overall scores of the
Winter Games range from a high of 71 points (Salt Lake City 2002) to a low of 24 points
(Sochi 2014), compared to the more moderate extremes of 56 points (Barcelona 1992) and 29
points (Rio 2016) for the Summer Games. These findings suggest that hosting the Winter
Games i1s more likely to result in either significantly more or significantly less sustainable

Olympic Games, compared to the mean.

Individual host cities

Sustainability varies considerably across the 16 host cities of the Olympic Games in the
sample. Figure 5a divides the total scores for the 16 events into four intervals. While seven out
of the sixteen Olympics in our sample fall into the yellow zone of the second interval (often
barely so, with just 50 or 51 points), eight fall into the problematic orange zone of the third
interval and one falls into the red zone of the bottom interval. None manage to achieve a

score in the top interval (75 to 100 points), what we call the green zone.

The most sustainable Olympics, all in the yellow zone, were held in Salt Lake City, United
States, in 2002 (M=71) and in Albertville, France, in 1992 (M=69). Both were Winter
Olympics. The Summer Olympics of Barcelona in 1992 are in third place, although with a
considerably lower score (M=56). Together with Albertville, they have the highest mean score

in the ecological dimension among all cities in the sample.

That the gold and silver medals in sustainability go to Salt Lake City and Albertville is
unexpected. Neither of the two cities is very prominent in the literature on sustainability in
mega-events nor had they made far-reaching claims about sustainability. The Salt Lake City
Olympics were overshadowed by a bribery scandal and the events of 9/11 in the preceding
year. The city aimed to use the Olympics primarily to improve its image and attract more
tourists*3, but was not noted for its commitments to sustainability. In fact, it demonstrated a
particular lack of attention to the social impacts of the event, according to some?S. The
Albertville 1992 Olympics, while taking environmental considerations into account, were
severely criticized for the environmental damage caused by the construction of new sports

venuestt.
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Figure 5: Sustainability of individual Olympic Games compared, 1992-2020. Sa/t
Lake City 2002, Albertoille 1992 and Barcelona 1992 were the most sustainable Olympic Games since
1992. Yet, all three score in the yellow zone. None of the Olympic Games since 1992 score in the green zone.
Vancouver 2010 and London 2012 communicated much around their sustainability agenda but achieve only

medium scores. The legend at the bottom right shows the maximum scores achieved on each indicator.

Our results urge a re-consideration of the experiences of Salt Lake City and Albertville for
future Olympic Games. Salt Lake City scores highly because it has above average scores
across the board, although these are nowhere outstanding. Its economic performance is
particularly remarkable and the best in the sample, with limited financial exposure and very
good after-use of venues and a moderate cost overrun of 24%. Albertville, by contrast, stands
out for its performance in the ecological dimension. While it built many new venues, it was a
small event with a moderate number of visitors and personnel, compared to other events in

the sample, thus creating a comparatively limited ecological and material footprint.

At the tail end, the Winter Olympics in Sochi in 2014 and the Summer Olympics in Rio de
Janeiro in 2016 feature the lowest sustainability scores. As our data show, the Olympics in
Rio displaced a large number of residents for Olympics-related development and provided
the occasion for the enactment of comprehensive legal exceptions. The resulting sports
venues remained poorly used after the event and cost overruns were the highest in the
sample. Sochi is the only Olympics to fall into the bottom interval, or red zone. Next to
extensive new construction and the high number of accredited participants, this is mostly due
to its poor economic performance: Sochi suffered the second-highest cost overruns in the

sample, while not finding meaningful after-use for most venues.

Outlook: Tokyo 2020 Olympics

The majority of data for our model are already available for T'okyo 2020 (see Figure 5), to be
held in 2021, although some need to be seen as provisional (marked with a * in Figure 5) due
to the uncertainty around this event as a consequence of COVID-19. Toky6 has significant
public financial exposure, with more than 50% of the sports-related cost footed by the state.
While the Olympics have not much interfered with the rule of law, they have displaced more
than 500 people. By contrast, new venue construction is below average, with about 20% of
venues being new venues. Figures for the number of visitors and accreditations are
provisional at this time and based on organizers’ forecasts. Overall, these Olympic Games

score in the orange zone, at 40 points, below the long-time average of 48 points.
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Discussion

The stakeholders of the Olympic Games paint them as paragons of sustainability. Our
analysis reveals that this is not the case. The Olympic Games between 1992 and 2020 have a
medium sustainability level. Salt Lake City 2002 and Albertville 1992 have the best records
but did not achieve high sustainability overall. There are no Olympics that score highly in all
or even the majority of the indicators of our model. Cities such as Vancouver and London,
which have marketed themselves as models of sustainable Olympic Games and have advised
other Olympic hosts on sustainability, score below average!!#>#6, This result suggests that

sustainability rhetoric does not match actual sustainability outcomes.

Sustainability in the Olympics has also significantly declined over time. Some recent Olympic
Games have very poor sustainability, such as the Winter Games of 2014 in Sochi and the
Summer Games of 2016 in Rio. This is despite the much-advertised priority of organizing
‘sustainable Games’ since at least the 2010s. The power of the Olympic spectacle is not
currently harnessed to transform unsustainable modes of global economic production, but to
entrench them. This falls short of the humanist ideals of the Olympics to be a force for

progress and improvement — for humanity and for the planet.

On the other hand, our analysis shows that organizing more sustainable Olympic Games is
possible. There are Olympic Games in our sample that have scored highly on individual, if
not on all, indicators. This result questions sceptics’ claim that mega-events can never be
sustainable. Yet, incisive reforms are required to up the game in Olympic sustainability,
before these events can inspire and influence sustainable futures. These reforms need to aim
both at reducing resource input and at improving the governance of the Olympic Games to

produce sustainable outcomes.

The following three actions are feasible in the short run and would result in major
improvements in sustainability. First, greatly downsizing the event. This will lead to a gain on
almost all sustainability indicators by reducing resource requirements. It will diminish the
carbon emissions by visitors and bring down the ecological and material footprint by reducing
the size and cost of the new infrastructure required. This measure also makes cost overruns
and displacement of people less likely. Second, rotating the Olympics among the same cities.
This way, all required infrastructure will already be in place and the Olympic Games could
be hosted with minimal social and ecological disruption and at minimal cost. Third and last,
improving sustainability governance. This means creating or mandating an independent body

to develop, monitor and enforce credible sustainability standards. This action will improve

11



the current situation, where each Olympic host city set its own sustainability goals and

remains unaccountable when not achieving them!.

There is currently strong resistance among Olympic stakeholders to such reforms, as these
could jeopardize revenue flows (in the case of downsizing), reduce the universal appeal of the
Olympics (in the case of rotation) and impose stringent, non-negotiable commitments to
sustainability (in the case of improved sustainability governance). Until such actions are taken,
however, cities and countries should rather spend public money on other measures to achieve

sustainability, not on the Olympic Games.

12



Methods

Conceptual model

Our analysis provides an evaluation of sustainability, 1.e. a judgement on the degree of
(un)sustainability, based on ex-post data on the outcomes of the Olympic Games. We took
our definition of sustainable mega-events (see above) as the starting point for developing the
conceptual model in Figure 1 to evaluate the sustainability of the Olympic Games. The
model started from current debates on global sustainability that posit both the need to respect
planetary biophysical boundaries while guaranteeing a minimum threshold of social well-
being#7:48, It therefore measures resource consumption, such as ecological and material
footprints*?-°%; social protection and well-being, such as social equity and social peace; and
economic efficiency, such as cost overruns and long-term use of event facilities.

The model features three indicators for each of the three dimensions of sustainability
(ecological, social, economic). The use of three indicators per dimension increases reliability,
reducing the effect of uncertainty and measurement errors. All indicators reflect ex-post data,
except for Tokyo 2020, where we used the most recent estimates available by October 2020.
Using ex-post data corrects for the overwhelming dominance and political preference for ex-
ante predictions that may help to justify holding the Olympic Games vis-a-vis stakeholders
but whose predictions are often wrong?’. The model contains both qualitative (text-based)
indicators (rule of law, long-term viability) and quantitative indicators (all others), to allow a
comprehensive assessment°!.

The total of nine indicators were required to fulfill two basic criteria: they needed to be valid
for evaluating the sustainability of the Olympic Games and data needed to be available?. We
undertook two steps to ensure the validity of the model. In a first step, we ascertained content
validity by determining whether each of the nine indicators represented a major aspect both
of the concept of sustainability as such and of the impacts of mega-events on sustainability.
We did this through reviewing the existing literature?’-3%52 and results are shown in
Supplementary Table 1 in the columns ‘justification’ and ‘relation to the literature’. We go
beyond existing approaches to event sustainability by focusing not just on the presence of
sustainability policies and programs but on outcomes®® and by focusing not so much on the
management practices of the event itself?** as on the wider impacts in the city and region.

In a second step, we ascertained attribution validity determining whether the outcomes in the
values of each indicator could plausibly be attributed to the Olympic Games. This problem of
attribution is an important one when attempting to evaluate any policy or intervention, not
just the Olympic Games?’*°. In choosing our indicators, we opted for a plausibility
approach”, meaning that we aimed to minimize the influence of confounding factors on the
measured indicators to isolate, to the greatest degree possible, the impact of the Olympic
Games (see column ‘plausibility of attribution’ in Supplementary Table 1). For this reason, we
did not include indicators such as change in GDP, tourist arrivals, external image perception,
air quality or others, as a plausible attribution of a change in these to the Olympic Games is
difficult to establish.

It is important to note that there can never be absolute certainty that the observed change in
the indicators is due to the Olympic Games. This limitation is shared among all evaluations of
social phenomena against an external intervention, from public health interventions to policy
evaluations, and should not preclude us from conducting such evaluations, as long as we can
demonstrate, as we do here, reasonable plausibility in the attribution of outcomes.

A comparative longitudinal assessment depends on the data availability of the least well
documented event, which constrains the choice of indicators. While some Olympic Games
are extensively documented (such as those of Vancouver and London, notably through the

13



Olympic Games Impact Studies?*>%), others, in particular older ones, are less so. As is the case
with all evaluation designs, notably with those of complex phenomena such as the Olympic
Games, we needed to strike a compromise between comprehensiveness and feasibility?>. We
should therefore stress that while we present the most comprehensive longitudinal evaluation
of the sustainability of the Olympic Games to date, this is just one possible evaluation and
other conceptual models are possible.

Sample delimitation

Our sample contains all Olympic Games from 1992 to 2020 (N=16). We have chosen 1992
as a cut-off point for five reasons. First, this is when issues of environment and sustainability
started to gain traction, both globally (Earth Summit 1992) and in the Olympic Games®’.
Second, this is the beginning of the period when the Olympic Games began to grow
considerably, with the explosion of revenues from sponsorship and broadcasting?®’, and
therefore started to have larger impacts on their hosts. Third, from the Barcelona 1992
Olympics onwards, host cities also explicitly started to harness the Olympic Games for urban
development, trying to leverage it for urban change®. Fourth, 1992 marks the point when the
mega-event became a global phenomenon sensu stricto, with the integration of the former
Eastern bloc into global capitalism. Fifth and last, 1992 is also a breaking point in data
availability. Olympic Games before that year are less well-documented and it proved difficult
to populate data points for our model.

Data collection

Data collection presented a major effort, as mega-events are known for being opaque3~>!. The
absence of coherent data to evaluate any aspect of the Olympic Games, not just their
sustainability, is problematic, all the more so considering the exorbitant public expenditure.
Part of this opaqueness results from the absence of systematic data collection across events,
except for a small number of indicators by the IOC. The IOC’s Olympic Games Impact
(OGI) initiative — a series of independent reports before and after the Olympic Games based
on indicator sets — sought to change that, with a view to comprehensively measuring the
outcomes of the Olympic Games and creating standard for sustainability across Olympic host
cities’!. Launched in 2000, OGI featured a series of 126 indicators in the three spheres of
economic, environmental and socio-cultural impacts that are monitored over a period of
twelve years. The IOC required that host cities mandate an independent research partner to
carry out the study according to a set of predefined instructions?*. The full cycle of four
reports, however, was only completed for a single Olympic Games, Vancouver 2010. Host
cities complained that the OGI was too cumbersome, so the IOC reduced the number of
reports and eventually abandoned OGI altogether in January 2017, replacing it with a series
of sustainability reports issued by the Olympic organizing committees®?%0. This has removed
the only independent, systematic data source for assessing sustainability in the Olympic
Games and put anecdotal reports in its place that are issued by the very organization that is
under review, thus creating a conflict of interest.

Another element of the opaqueness results from carelessness, obfuscation and sometimes
deliberate destruction of records. Thus, in the run-up to the Sochi Olympic Games, accounts
were sometimes not kept when under time pressure. Said one investor: ‘we were in such a
hurry in the end that we didn’t count the money’®!. In many cases, crucial information is not
collected, not reported, not reported transparently or not accessible to the public or to
researchers. For the Nagano 1998 Olympics, hosts even deliberately destroyed part of the
financial records®?.

Due to this opaqueness, we were able to source only three of the nine indicators from single
data sources: data for ‘visitor footprint” and ‘event size’ could be collected from official reports
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of the Olympic Games, while data for ‘budget balance’ were sourced from a separate study?.
For the remaining six indicators we used a mixture of the following sources: bid books and
official reports from the Olympic Games; independent third-party assessments (such as
national audit chambers), academic literature, media reports and reports by non-
governmental organizations. Many of these sources were available online for more recent
events and available in archives for older events. Standardized definitions for each indicator
ensured commensurability of data from different sources. For each data point, we also
assessed the reliability of the source, including only data points with at least medium high
reliability in the analysis.

While we collected data among the author team for eight editions of the event, we contracted
experts to collect data and sources for another eight editions (Barcelona, Lillehammer,
Atlanta, Nagano, Salt Lake City, Athens, Beijing, Vancouver). This was necessary because we
either lacked the skills to read documents in the local language or because we needed to
access archives in situ. All contractors were academics, and most of them had done previous
work on the specific mega-event we commissioned them to work on. They were given a strict
set of instructions and definitions to follow and were required to provide a scan of the original
source for each data point. The project team validated all data points and cross-checked them
against each source to ensure reliability.

Data scoring

We scored each indicator on a scale from 0 to 100 in increments of 20, where 0 means ‘least
sustainable’ and 100 means ‘most sustainable’. Rules for assigning scores are detailed in
Supplementary Table 1. We chose end points of scores either according to natural limits (for
example, in the indicator ‘new construction’ a score of 100 was assigned where there was no
new construction) or, where these were not evident, by choosing the most extreme case in the
sample. Increments between the extreme points were then defined in such a way as to create
intervals of roughly equal size. To adjust for size differences between the Summer and the
Winter Olympic Games, we applied different scales for these two sub-groups for two
indicators (‘visitor footprint’ and ‘event size’) according to the same scoring rules (see
Supplementary Table 1).

The presence of values at both extremes of the scoring scale (see Figure 2b) indicates that our
scoring rules are fair in the sense of not being too strict (thus making it unlikely to obtain
scores of 100) nor too lenient (making it easy to obtain high values).

Whereas scoring of numeric indicators was straightforward, for the two qualitative indicators
three scorers assigned scores independently from each other, in order to increase reliability.
They then discussed and resolved any differences in their scores. Out of 144 data points seven
(4.9%) are missing. There is no reason to assume a systematic pattern in missing values that
would bias results. Missing values were therefore ignored for calculating mean scores and
mean differences between groups.

For evaluating the overall sustainability of an Olympic Games, we used a scorecard
approach?*, where we calculated the mean across all nine indicators, assigning equal weight
to each score. This 1s a measure of relative sustainability: a score of 100 does not mean,
therefore, that an event is sustainable in the sense of respecting planetary boundaries while
guaranteeing social well-being*’. The choice of adding scores instead of multiplying them
assumes that a compensation is possible between the different dimensions of sustainability, 1.e.
that a deficiency in one score can be compensated by a surplus in another>°.
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Data analysis

The sample of 16 editions makes this the first set of indicators on the Olympic Games which
can be analyzed with inferential statistics. The sample size allows performing statistical tests
with sufficient statistical power ( > 0.8) for large effect sizes (>0.8) at a probability level of
0.05%. It does not, however, provide sufficient statistical power to detect medium or small
effect sizes.

We checked bivariate correlations among the nine indicators (reported in Supplementary
Table 2) to rule out strong correlations (r>0.8), which could question the unique conceptual
contribution of specific indicators. No strong correlations were found and only three of the 36
correlations are significant.

We used descriptive statistics (frequencies, mean values, standard deviations) to characterize
the dataset and inferential statistics (two-tailed independent samples t-test of mean value
differences) to identify significant differences between groups. Mean scores were rounded to
the next nearest integer for presentation in the manuscript. We used correlation models with
Pearson’s r as a standardized correlation coeflicient for estimating the linear trends of
sustainability in Figure 3 at a significance level of 0.05 (two-tailed).

We also constructed an exploratory regression model to examine whether we could predict
sustainability scores with host context indicators?*, such as the level of income in a country,
the degree of corruption or the size of the host city. We did not find any significant effects
(which might simply be due to a lack of statistical power, see above) and therefore do not
report results here.

Limitations

There 1s no accepted definition of the sustainability of large events. Despite justification of our
choice of indicators, our model is just one model of sustainability. It is a systematic and
evidence-based model, but, like all models of sustainability, it still reflects a subjective
judgement about what to include in defining sustainability. Other models are possible and
might result in different outcomes. The same caveat applies to the scoring, where other cut-
offs and intervals are possible (which would, however, not affect the relative ranking of hosts,
as the underlying data remain the same).

We also did not include potential catalyst effects of the Olympic Games on sustainability, due
to the absence of reliable and comparable data, and to difficulties of plausible attribution.
Effects typically claimed include long-term image and growth benefits, inspiring people to
take up sport, lead a healthier lifestyle, become more conscious of the environment, or
creating peace and intercultural understanding. In general, however, evidence is thin for
claims that seek to attribute to sports the role of a larger force for bringing about social,
economic and ecological benefits®* 66,

Data availability
The dataset and statistical analysis are available in the mega-event dataverse on Harvard
dataverse at https://doi.org/10.7910/DVN/ZARRG6A .
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Figures
Figure 1: Definition and conceptual model of sustainability in the Olympic

Games. The definition and model assign equal weight to the classic three dimensions of sustainability (inner

ring - ecological, social, economuic), evaluating them with three indicators each (outer ring).

Figure 2: Overall sustainability of the Olympic Games 1992-2020 by indicator. a,
mean values of mine sustainability indicators. b, distribution of values. Dots show the mean value, middle lines
show the median, box limits show upper and lower quartiles, whiskers show maximum/minvmum. See

Supplementary Data for full descriptive statistics.

Figure 3: Trend lines and important milestones of sustainability in the Olympic
Games, 1992-2020. Sustainability is decreasing overall and in its ecological and social dimension. Dots
indicate indiidual values of the Olympic Games, whereas dashed lines indicate linear trends. All trend lines,

except for the economic one, are significant at p<0.00.

Figure 3: Trend lines and important milestones of sustainability in the Olympic
Games, 1992-2020. Sustainability is decreasing overall and in its ecological and social dimension. Dots
indicate indiwidual values of the Olympic Games, whereas dashed lines indicate linear trends. All trend lines,

except for the economic one, are significant at p<0.00.

Figure 4: Sustainability of Summer and Winter Olympic Games compared, 1992-
2020. a, mean values of mine sustainability indicators. Summer and Winter Olympic Games have similar
overall means but significant divergences for indwidual indicators. b, distribution of values. Dots show the
mean value, middle lines show the median, box limats show upper and lower quartiles, whiskers show
maximum/minimum, asterisks show outliers (1.5 tumes the interquartile range above the 75th percentile or

below the 25th percentile). See Supplementary Data for full descriptive statistics.

Figure 5: Sustainability of individual Olympic Games compared, 1992-2020. a,
ranking according to total scores. b, mndividual scores. Salt Lake City 2002, Albertville 1992 and
Barcelona 1992 were the most sustainable Olympic Games since 1992. Yet, all three still score in the yellow
zone. None of the Olympic Games since 1992 have scored in the green zone. Vancouver 2010 and London
2012 praised their own sustainability achievements but do not score at the top. The legend at the bottom right

shows the maximum scores achieved on each indicator.
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