“Prediction is very difficult, especially if it's about the future.”
— Nils Bohr, Nobel laureate in Physics.

The Olympic medals ranking: Does the past predict the future?
Julia Bredtmann, Carsten J. Crede, Sebastian Otten

When the 31° Olympic Games start on the 5™ of August this year in Rio de Janeiro, the world will be
watching athletes from more than 200 nations competing for medals. The Summer Olympics are the
most prestigious sports event in the world and an estimated 3.6 billion people have watched the last
Olympic Summer Games.! If you followed the past few Games as well, you might have noticed that most
medals were won by only a few countries including the United States, China, and Russia. Indeed, a closer
look at the nation rankings for Olympic medals reveals that these same nations tend to win the most
medals at all Olympic Games.

Thus, one might be tempted to ask by how much winning a medal is determined by the individual
athlete’s ability and talent and how much is driven by the conditions in his or her country of origin? A
large number of academic studies have attempted to address this question and explain the phenomenon
of a nation’s persistent Olympic success.

The determinants of success

These studies have found that a number of socio-economic variables are reliable predictors of Olympic
success. For example, a country’s gross domestic product (GDP) and its population size are strongly
correlated with Olympic success.? Of course, the GDP by itself has no impact on an athlete’s
performance. However, it correlates with a large number of factors that affect an athlete’s ability to
train, and as such is a so-called proxy variable for these other factors: in a wealthy country, the
population can dedicate more time to leisure activities such as sports, is healthier, and can afford
professional athletes as well as a better sports infrastructure for more effective training. Another
important variable is a country’s population size; provided that world-class athletic talent is uniformly
distributed across the world’s population, larger countries should generally produce more top athletes.

Figures 1 and 2 show the correlation between a country’s GDP per capita and population size,
respectively, and the total number of medals won at the 2012 Olympic Games for the 30 top-scoring
countries. As can be seen from the linear regression line, larger and wealthier countries generally win
more medals. However, especially Figure 1 shows the existence of some outliers. For example, the USA,
China, and Russia have won more medals at the 2012 Games than one would expect from their GDP per
capita.
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Figure 1: Correlation between GDP per capita and total medals Figure 2: Correlation between population and total medals

Other predictors include a country’s present or past political system (autocratic nations and planned
economies tend to make greater investments in athletes to obtain prestige, and countries formerly
featuring such systems continue to profit from their established systems to promote sports), whether it
is the (next) host country of the Games (host and upcoming host nations invest more in athletes before
the Games and send more athletes, and the host country’s athletes benefit from the home advantage,
e.g. they are accustomed to the climatic conditions), and whether women are equally likely to participate
in sports and be able to train to become athletes.3*

Predicting Olympic medals

Exploiting the correlation between socio-economic variables and Summer Olympic success as well as the
persistence in Olympic success over time, it is possible to reliably predict the Summer Olympic medals
ranking based on the overall number of medals won for the upcoming games. This can be done using

Out-of-sample predictions

Consider a simple regression model,
Yie = Br + B2 Xit + €ie)

where Y is the outcome variable, X is the explanatory variable, ¢ is the error term, and indices j and t
denote countries and time, respectively. Assume that we have three time periods: Two in the past
and one in the future. To predict Y;; in the future period, we can estimate the above model using
only observations from the two previous periods, i.e. t = [1, 2], and obtain the corresponding
estimated coefficients 3, and f3,. Using the estimated past relationship between X and Y in periods
1 and 2 and assuming that this relationship holds for the future period, we can predict the values of
the outcome variable in period 3 by plugging in values of X in period 3 into

Vis = By + BaXis,

to obtain predictions of the outcome variable for each country .




regression analysis to conduct out-of-sample predictions (see box on page XX).

Before carrying out medal predictions for the 2016 Olympics in Brazil, we need to develop a model that
will perform well in predicting Olympic medals. For this purpose, we predict medals for the 2012
Olympics with two different models established using pre-2012 Olympic medal counts and then compare
these predictions with the actual medals won by nations. To do this, we first fit the regression models
based on the results at the Olympic Games between 1996 and 2008, i.e. using 676 country-year
observations, and then carry out the out-of-sample predictions for 2012. We do not consider Olympic
Games before 1992 (neither as current nor as lagged observations) to avoid the huge structural change
caused by the fundamental social and political changes taking place around 1990 to confound our
results.

The first model we consider, which we call the naive model, primarily describes a country’s medals as a
function of the number of medals won at the previous Olympic Games, i.e. a nation’s medals at the 2008
Games are predicted primarily based on how many medals it won at the Games in 2004. This captures
the persistence in performance of countries. The other explanatory variable in this model is a linear time
trend capturing the years of the different Olympic Games; this is done to take into account that the

The estimated models
Both models are estimated using Ordinary Least Squares (OLS). The naive model is:
Medals; = 1 + B,Lag Medals; + [3Year, + €,

where Medals denotes the total number of medals (incl. gold, silver, and bronze medals) won by a
country at the corresponding Olympic Games, Lag Medals contains a country’s medals at the
preceding Games, and Year denotes the year of the Olympic Games. The latter variable is included to
capture the steady increase in the total number of medals awarded at the Olympic Games over time.

The sophisticated model includes additional explanatory variables that capture country-specific
characteristics:

Medals;; =y, +v,Lag Medals; + y3in GDPy + y4In Pop; + ysHost + ygNext Host;, +
ysPlanned;; + ygMuslim;; + yoYear; + (i,

where In GDP denotes the natural logarithm of a country’s GDP per capita and /In Pop it is the natural
logarithm of a country’s population. Both variables are included in logs to acknowledge that the
positive effects of GDP per capita and population size on Olympic medals diminish with increasing
values of these variables. Host and Next Host are indicator variables for the current host and the
upcoming host country. Planned is an indicator variable denoting whether a country has or had a
fully centralised planned economy (such as former members of the Soviet Union, China, and Cuba)
and controls for higher expenditure of such countries for sports to promote national prestige. In case
of a country’s switch to another economic system, it measures the extent to which it still profits
from the past sports infrastructure. Finally, Muslim is an indicator for countries with a predominant
(>50%) Muslim population, which tend to send less female athletes®, and tend to have a lower share
of the female population active in professional sports. For all explanatory variables considered, we
do not assume them to have a causal impact on a country’s Olympic success, but are aware that they
might capture both direct effects and indirect effects of other, unobserved country-specific factors.




overall number of medals increases over time because of an increasing number of events over time.

The second model that we estimate, which we label the sophisticated model, expands the naive model
with additional socio-economic variables. These include a country’s GDP per capita and population,
whether the country is or was a planned economy, whether the country is the host (for 2012 this was the
United Kingdom) or upcoming host (in 2012 this was Brazil), and whether it has a predominant Muslim
population (such countries tend to send less female athletes and win fewer medals in women's events).
For more details, see the box on page XX.

To assess whether the sophisticated model outperforms the naive model, we can calculate measures of
fit and compare them between the two models. For this purpose, we calculate the mean absolute error
(MAE) and the mean forecast error (MFE) for both the naive and the sophisticated model (see box on
page XX).

For the full sample including 181 countries, the MAE is 1.43 for the naive model, and 1.41 for the
sophisticated model. In other words, on average, in the naive model predictions are off by 1.43 medals
from the true number of medals won by each country, and by 1.41 in the sophisticated model.
Considering the top 15 countries only, the difference in MAE is more pronounced with a reduction from
6.6 to 5.8 when switching from the naive to the sophisticated model. At the same time, the predictions
in the sophisticated model are subject to a lower uncertainty, as the MFE is 3.2 in the sophisticated
model compared to 3.4 in the naive model. Therefore, these results suggest that including socio-

Mean absolute error (MAE) and mean forecast error (MFE)

The mean absolute error is a measure of the average inaccuracy associated with a set of model-
produced estimates. It compares the predicted values y for the outcome variable with the true
values y across all individual estimates i, and calculates a measure of the absolute value of
differences:

1 ~
MAE = ;Z}Ll |9 — vil-
The lower therefore the MAE, the better the fit of the model.

A second measure of prediction inaccuracy is the forecast error. The forecast error is the standard
error of the point prediction and thereby expresses the uncertainty in estimating the unknown value
of y for an individual observation with known X values. A forecast error can be obtained for each
country’s predicted medals. For the purpose of model comparison, we calculate the mean value of
these errors for the top 15 countries.

economic variables into the model slightly increases the precision of the predictions.

Table 1 compares the actual results for the top 15 countries at the 2012 Olympics with the predictions
based on the two different models. For the naive and the sophisticated model, it shows both the number
of predicted medals as well as the absolute difference between the predicted and the actual medals won
by each country. For the sophisticated model, it further shows the predicted rank.



Table 1: Actual and predicted medals for the 2012 Olympic Games

Actual results Naive model Sophisticated model
2012 Predicted ' Predicted . predicted
Country Rank Medals medals for Diff. medals for Diff. 2012 Rank
2012 2012

United States 1 103 110 7 105 2 1
China 2 88 100 12 96 8 2
Russia 3 81 73 8 70 11 3
United Kingdom 4 65 47 18 60 5 4
Germany 5 44 41 3 39 5 6
Japan 6 38 25 13 24 14 12
Australia 7 35 46 11 44 9 5
France 8 34 41 7 39 5 6
Italy 9 28 27 1 26 2 10
South Korea 9 28 31 3 30 2 8
Netherlands 11 20 16 4 16 4 17
Ukraine 11 20 27 7 27 7 9
Canada 13 18 19 1 19 1 14
Hungary 13 18 10 8 10 8 21
Brazil 15 17 15 2 26 9 10
Spain 15 17 18 1 18 1 15
Sum 654 646 106 649 93
MAE 6.6 5.8
MFE 34 3.2

The table shows that the naive model already predicts Olympic success fairly well. In other words, due to
the persistence in Olympic success, one can determine how many medals a country wins quite reliably by
merely looking at the results at the last Olympic Games. In fact, due to the nearly constant number of
awarded medals at the 2008 and 2012 Olympic Games, the naive model delivers exactly the same results
as an “ultra-naive model”, which obtains the number of medals won at the 2012 Games by simply
multiplying the total number of medals to be awarded in 2012 by the proportion of medals won by each
nation in the 2008 Games. In total, the naive model predicts 106 medals of the 654 medals won by these
countries wrong. The most notable outlier is the 2012 host United Kingdom, which won 18 more medals
than predicted by the naive model that ignores the host country effect.

Turning to the results of the sophisticated model, it can be seen that it performs slightly better than the
naive model. This is in line with the finding of smaller MAE and MFE values indicating a higher precision
of the sophisticated model. The absolute difference between predicted and actual medals reduces from
106 to 93 medals. The increase in precision of predictions primarily arises from smaller differences for
the 2012 host United Kingdom and the United States. For the United Kingdom, the difference goes down
from a staggering 18 to only 5 medals. This is a result of controlling for the host country effect outlined
above. Yet, for Brazil the prediction error increases from 2 to 9 medals. This follows from the fact that
compared to other previous upcoming host nations, Brazil performed surprisingly worse at the 2012
Games. With its increase in medals won by only 2, Brazil stays 7 medals behind the expected advantage
of being the upcoming host nation.



The 2016 predictions

Given that the sophisticated model performs better in predicting the 2012 Olympics, we use it to predict
the Olympic medals for the top 15 nations at the 2016 Games.> To estimate the parameters of our
model, we use the results at the Olympic Games between 1996 and 2012. The predictions can be found
in Table 2.

The model predicts that the United States, China, Russia, and the United Kingdom will retain their top
positions at the medals ranking.® Big winners for the 2016 Games are Brazil and Japan. As the host
country, Brazil will send more athletes (431 Brazilian athletes are nominated to compete in 27 sports in
2016 compared to 258 in 24 sports in 2012) than it did to previous Games,’® and in preparation of
hosting will have invested more in the development of its national talent pool. Furthermore, Brazilian
athletes will likely be the stadium visitors’ favourites, receiving the most cheers and support from the
audience. Japan will host the 2020 Summer Olympics. Therefore, the investment it makes in its athletes
in preparation for the 2020 Games are expected to pay off already. The success of Brazil and Japan
comes at the cost of most of the other countries in the top 15 table. Nevertheless, despite being
predicted to lose 5 medals compared to 2012, the United States is predicted to retain its top position at
the Olympics medals ranking.

Table 2: Predicted medals for the 2016 Olympic Games

Predicted
rank for Predicted medals Rankin Medals in Diff. in Diff. in medals to
Country 2016 for 2016 2012 2012 ranks 2012

United States 1 98 1 103 0 -5
China 2 84 2 88 0 -4
Russia 3 77 3 81 0 -4
United Kingdom 4 62 4 65 0 -3
Japan 5 46 6 38 1 8
Germany 6 42 5 44 -1 -2
Australia 7 33 7 35 0 -2
Brazil 7 33 15 17 8 16
France 7 33 8 34 1 -1
Italy 10 27 9 28 -1 -1
South Korea 10 27 9 28 -1 -1
Ukraine 12 20 11 20 -1 0
Netherlands 13 19 11 20 -2 -1
Canada 14 18 13 18 -1 0
Hungary 14 18 13 18 -1 0
MFE 3.1

How much should we trust these predictions? There are only indirect ways to assess the quality of the
predictions. One possibility is to look at the MFE for the 2016 predictions, which goes down to 3.1 for the
2016 Games from 3.2 for the 2012 Games. Therefore, the model predictions feature a similar level of
uncertainty as those for the 2012 Olympic Games. Thus, it is likely that the accuracy of the 2016 Olympic
medals prediction will be in the same range as those for the 2012 Games.

As we have seen, the suspicion that the same countries tend to win the majority of medals is well
founded. As a result, even simple methods produce fairly accurate forecasts. More sophisticated models
that incorporate socio-economic factors offer a way to improve these predictions. Yet, apart from the
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host and the upcoming host effects their added value is rather limited, as the effects of these factors are
already reflected in the medals won at the previous Games. Thus, in the context of the Olympic Games,
past success is indeed a good predictor of future success.

However, before you give your hopes up if you support “underdog” nations or use these forecasts for
betting, recall that the history of the Olympic Games is full of surprising performances by individual
athletes. No matter whether they were the result of individual excellence or luck, a certain level of
unpredictability remains despite all persistence of success. As such, the suspense will remain once again
when the world watches the 2016 Olympic Games in Rio.
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