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Abstract

This paper examines the post-War Summer and Winter Olympic Games in order to determine the
economic and politica determinants of nationa participation, of femae participation in particular, and of
success at the Games (i.e., meda counts). Compared to the Summer Games, Winter participation
levels are driven more by income and less by population, have less hogt nation bias and a greater effect
of climate. Roughly smilar factors determine meda count success, athough sngle party and communist
regimes win far more medds (and gold medals) in both seasons than can be attributed to other factors.
Wefind no large significant differences between types of athletic events (e.g. luge versus nordic skiing).
We estimate that mgjor participating nations requires a $260 rise in income per capitato send an extra
participant. Similarly the "cost" of an extrameda is $1700 per capitaand $4750 per capitafor an
additiona gold medd. Predictions for participation and medd counts (including gold meddsin
particular) for the 2002 Salt Lake City Games are presented as atest of our anayss.
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A Tale of Two Seasons:
Participation and Medal Counts at the Summer and Winter Olympic Games!

|. Introduction

The Olympic movement celebrates a spirit of international competition, of globa athletic
excdlence. Yet not dl nations have an equd ability to participate in the Games, nor do they have an
equa ability to win meddsiif they do participate. In the Winter Games, thisis epecidly true. The 1998
Winter Games boasted participation by an impressive 2077 athletes from 72 nations, but those numbers
pal e beside more than 12000 athletes from roughly 200 nations at the 2000 Summer Games.
Furthermore, in the entire history of the Winter Olympics, no athlete or team from a snowless nation has
ever placed higher than fourteenth in an event. In fact, only two teams have ever finished in the top half
of the field (Wallechinsky, 2001). While the reason may seem obvious, the inequaity bears closer
ingpection for the root causes, and the smilarity between Summer and Winter Games.

This paper investigates the economic and palitical factors that encourage nations to send
Olympic athletes, then anayzes determinants of their success. It does not intend to minimize the primary

importance of athletic excellence, but offersindght into the variables that affect an athlete's ability to
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participate and to succeed. In particular, it is meant to compare with previous literature that explores
the same question, athough to our knowledge thisis the first piece which compares the Summer and
Winter Games.

Intuition suggests that severd key political and economic variables have an important impact on
nationd participation and success. Although our ligt is not exhaustive, many other variables are highly
correlated with our chosen variables, so are not included to avoid collinearity (and ther effects are
reflected in our list of variables, at any rate). High productive capacity or income per person (measured
by GDP per capita) displays an ability to pay the costs necessary to send athletes to the Games, and
may aso be associated with a higher qudity of training and better equipment. A large population means
more effective sharing of the fixed cods of training (e.g. infrastructure and facilities), and alarger pool of
potentia athletes from which to select successful contenders. Obvioudy, the hosting nation and its
neighbors have advantages in terms of lower transportation cogts, and climatic and training advantages
in the competitions themselves. Especidly for the Winter Games, we sugpect that climate (and latitude,
asthetwo aretightly related) play acriticd role. Findly, the analyss dso hypothesizes that politicd
sructure has an effect on participation and success. Single-party or Communist syslems may have a
different gpproach to participation, training and incentives for success so may show different results.

Section |1 describes the data and some sdlient characteristics of the post-War Games. Section
[11 analyses the number of athletes participating from each possible nation, and includes predictions for
the 2002 Sdlt Lake City Games aswdl asinferred "cogts' of participating for a sdection of nations. To
our knowledge, no other published paper has tackled thisissue. Section 1V uses severd different
techniques to anayze meda-winning success, presenting estimates that mirror the variable choice and

models used elsawhere in the literature (Ball, 1972; Levine, 1974; Condon et d., 1999; Bernard and



Busse, 2000; Johnson and Ali, 2000). This section concludes with predictions for the 2002 Sdlt Lake
City Games, aswell as an estimate of the "cogt" of an Olympic medd for mgor participating nations.
Section V addresses differences between types of athletic events. Section VI summarizes our
conclusions and offers some thoughts about future research directions.

II. Data sources and issues

Thiswork is restricted to the Summer and Winter Olympic Games from 1952 to the present,
including predictions for the 2002 Winter Games. Work on earlier Games faces difficult data issues,
primarily in economic data definitions, but this dataset permits interesting compari sons across 26
international celebrations of athletics (13 in each season), comprised of 3190 events, over 9200
awarded medals, and over 100000 athletes (of whom roughly 25000 were women).

Significant politica boycotts occurred in three recent Games. 1976 (many African nations),
1980 (many Western nations) and 1984 (Eastern and Central Europe with the Soviet Union). Our
andysis does not include participation data for nations which for politica reasons chose not to
participatein agiven year. Likewise, data are omitted for nations that were not fully independent at the
time of a Games (e.g. Guam) or were precluded from competition (e.g. South Africaor Libyafor
severd Games).

Olympic information is from officia sources (Internationa Olympic Committee, various years)
supplemented by a secondary source using the same origind materia (Walechinsky, 2000 and 2001).
GDP per capitadata are in constant 1996 international prices for dl years, to control for differencesin
internationa purchasing power (Heston et ., 2001). Population and expenditure data are from the

same source, supplemented by the Statesman's Y earbook (which aso provided al politica variables).



Latitude and frost data come from the agricultural economics literature (Masters and McMillan, 2001),
while urbanization data are found in the World Bank's Globa Development Network Growth Database
(Easterly and Sewadeh, 2001). Obvious gaps were filled by interpolation between surrounding year
vaues, and extrapolations were made to permit out-of-sample predictions for the 2002 Games. While
this adds an extra degree of error into the predictions, it provides an interesting test for the precision of
our coefficient estimates.

We chose not to include lagged performance variables (i.e., past Olympic participation or medd
success) in any of our andyses. Although lagged performance variables are highly effective explanations
and predictors (Bernard and Busse, 2000), our interest isin the effect of purely economic and political
varidbles. Under our interpretation, if unraveled, past medad counts would be explained by previous
GDP per capitaand previous medd counts, which would in turn be explained by previous variables
devolving down to GDP per capita severd periods ago.

Globd participation in the Olympic Gamesis actudly a very recent phenomenon, and still does
not extend to the Winter Games. While the geographic diversity of participants has increased
dramatically since 1952, the concentration of athletes from high-income developed nations has been
increesng over timeaswell. In 1952, onein five participants a the Summer Games (onein twelve for
the Winter Games) represented nations in the top ten percent of alist of participant nations ranked by
income per capita In the most recent Summer Games, one in three (one in two for the Winter) , came
from nations in the top ten percent of the list. While the pool of athletes has been widening, the
concentration from high-income nations has been getting deeper.

The gender balance among athletes has been growing closer over time, with pardld

progressions in both Summer and Winter Games. From a post-War high of over 8 mae athletes for



each female athlete, the ratio had improved by Nagano (Winter 1998) to roughly 1.5 mae athletes per
femde athlete.

There have been an average of 9 to 13 competitors per medd &t virtually every venue (Summer
and Winter) since 1952. Thisis undoubtedly due to the successful planning of the Internationd Olympic
Committee, who decide upon the number of participants per nation in advance of each celebration. The
only exceptions to that range--- in the 1956 Summer Games and the 1960 Winter Games, the ratio was
less than 6.5--- were terrific years to be a competitor! Of course, the number of participants per event
varieswidely, even within the same celebration of the Games.

Medadwinning successis dill very concentrated. Of the exhaudtive list of 241 nations and
territories that attended the 1996 Summer Games, less than half have ever won an Olympic medd in
any event, Summer or Winter. All African nations combined share alittle over two percent of al
Summer medals ever bestowed, and no African nation has ever won aWinter meddl.

Nation size obvioudy breeds success at the Olympic Games. Nations that won at least one
Summer meda average five times the population (and over fifty percent higher GDP per capita) of non-
medd nations. Those figures aone are enough to warrant the investigation of the following section.

[11. Who Goes? Participation in the Winter and Summer Olympics

A. Participants

The Olympic spirit is one of international community, built via participation by many naions.

Yet not dl nations are smilarly able to send athletes, afact which the Internationa Olympic Committee

recognizes in setting participation quotas for each nation in advance of the Games. Information on the



decison process is (understandably) confidentid, but it is clear that larger, higher-income nations
consgtently send more athletes to the Games.

While we cannot hope to accurately model the dlocation process, we can offer someinsght
into the factors that presumably contribute to the participation decison. For example, consder asmple
linear function with potentid determinants of participation:

part, =a + b,GDP + b,GDP? + b, POP + b, POP* + b, HOME + b, NEIGH

10
+@ b,POL , +b,,LFROST +b,,HFROST +b,,t +u, +& @)

i=7
where part; isameasure of participation from nation i
GDP is GDP per capitaof nation i in congtant internationa prices (in thousands)
POP isthe populaion of nationi (in millions)
HOME isadummy varigble to indicate the hosing nation
NEIGH isadummy varigble to indicate immediate geographica
proximity to the hosting nation
POL,; isaseries of dummy varigbles to indicate a monarchy, sngle-party,
military or other politica environment (compared to arepublic or parliamentary
democracy)
LFROST isthe share of land areafeding alight frogt (lessthan 5 days per winter month)
HFROST is the share of land area feding a heavy frost (more than 20 days per winter
month)

tisatimetrend (1=1952 Games, 2=1956 Games, €tc.)



and where u; is anation-specific error term and e isthe unexplained error. Noticethat in all
regressions, the variables for political systems classified as republics or parliamentary democracies are
omitted to avoid collinearity (so palitical variables are expressed relative to that basdine).

We present OL S results usng nation-fixed effects (which vary by Winter/Summer season as
well), usng actua participation numbers as the dependent variable. However, results from a Poisson
maximum likelihood estimation (which treet participation data as countable arrivals or occurrences) are
very amilar in interpretation and sgnificance. Resultsin Table 1 are presented for al ahletes and for
femde athletes done.

Other variables were origindly included but revealed no change in the Sgnificance of the
variables above, or were highly correlated with variables dready included. Variables indicating the
relaive importance of government and consumer spending in GDP were found to offer no improvement
on the exiding explanation. A dummy variable for palitica sysems permitting voting was highly
corrdlated with other political variables, and offered aworse fit than the series of politica variables
chosen. Variables measuring the share of the population resding in rurd areas, and average degrees of
latitude from the equator were highly corrdated with GDP per cagpita and frost variables respectively,
and presented no change to the results.

Use of alog-linear functiond form showed smilar results. While it has the benefit of a parald
with Cobb-Douglas production functions (with GDP per capitaas "capitd” and population as "labor") it
offered no better fit to the data and could be dightly mideading. The objective hereisnot to estimate a
production function but to examine the structura correlates of participation.

Nations with higher incomes (GDP per capita) send more participants to both the Summer and

Winter Games, dthough the summer effect is more linear and the winter effect is more pronounced. On



average, nations send 4 or 5 more participants per thousand dollars of GDP per capita. Sincethe U.S.
has a GDP per capita approximately 18 times that of Nigeria's $1000 levd, this effect done suggests
that the U.S. will send 80 more athletesto any celebration.

For the Winter Games, the effect is only significant for squared GDP per capita, indicating that
participation rises quadratically with income. Low income nations choose to send no athletes at dl, and
high income nations send large contingents, with amuch larger gap between participation numbers than
istrue in the Summer Games, or istrue of theincome gap itsf.

High income nations send more female ahletes, at least to the Summer Games, and again the
effect is quadratic with respect to income. An additional $1000 GDP per capitawould raise the
average nation's femae participation by two athletes, and thisimpact done infers that the U.S. will send
36 more female athletes to the Summer Games than Nigeriawould. The impact of income on femde
participation in the Winter Gamesis indgnificant, because the average ahletic contingent from a high
income nation (the only nations competing in the winter) dready incorporates a higher percentage of
women than their lower income counterparts do.

For the Summer Games, nations with larger populations unambiguoudy send more ahletes, but
thereis no evidence of that relationship in the Winter Games. On average, nations send an extra athlete
to the Summer Games for every additiond 3 to 4 million citizens. The effect is Smilar, but one-seventh
aslarge, for femae athletes (taking an extra 25 million citizens to support an addition to the rogter) and
is entirdy absent in the Winter Games. Removing extremely large nations from the sample does not
gopreciably affect any estimated coefficient except for that of squared population (making it pogtive but
indggnificant). Omitting Chinaand Indiadso somewhat artificidly boosts the explanatory power of the

regressons by truncating variaion in the variables.



The"home nation” biasis the mos dgnificant effect listed, both gatisticdly and in numerica
importance. For Summer Games the home biasis overwhelming in size, with the home nation sending
an average of 210 more ahletes than it would given its other characterigtics, 63 of whom are female.
The home bias is Smilarly important, but less overpowering, in the Winter Games, where the host sends
an additiond 32 athletes of whom 7 are women. Since host nations are dways among the most
developed in the world, there is some correlation with income levels, and it is unclear that less
devel oped nations would enjoy the same dramatic advantage if they were to host on aregular basis.

For the Summer Games only, neighboring nations send an average of 45 more participants than
expected, of whom roughly one-third are femde. Interestingly, the neighbor bias for Winter Gamesis
nonexistent, perhaps because the range of higtorical venuesis more limited geographicaly.

The importance of these home and neighbor effects cannot be overstated. Asde from the
obvious impact on the competition in the Games and the role of the crowd, this bias offers a numerica
advantage towards winning events, assuming that each participating athlete has some probability of
winning.

Palitica systems have some smdll effect on participation levels, as compared with the omitted
comparison case of republics and parliamentary democracies, but (again) exclusvey for the Summer
Games. While monarchies, military sysems and "other politica sysems’ (those in trandtion to
democracies, those with ill-defined power structures) send fewer athletes than democracies do, thereis
no evidence that single-party and Communist nations send more or less than predicted by other
variables. The same pattern holds true for both male and femae athletes.

Findly, acold climate appears to have a positive effect on participation for Games in both

seasons. While any winter climate (light or heavy) encourages Summer participation, only heavy winter



climates have a postive effect on Winter Games participation. These results are expected, as all
temperate zones (having awinter of some degree) tend to have higher income leves, and participate
more heavily in the Summer Games. A subset of those nations, those with significant winters to permit
regular practice and the development of winter ports programs, participate most actively in the Winter
Games.

B. Predictions for 2002 and the " cost” of participation

These coefficients match previous literature (Johnson and Ali, 2000) very closdy, and since
those results provided excellent out-of-sample predictions for the Sydney Summer Games of 2000
(correlation of 0.96 with actud participation numbers by nation), we fed confident enough to do so here
for Sdt Lake City in 2002 in Table 2. Asadditiona evidence, in-sample predictions of participation by
79 nations in the 1998 Winter Games (all nations with complete data) have a correlation of 0.95 with
actua participation values. For the table, in cases where nationad estimates were limited by data
congraints, predictions were inferred by trend relative to other nations. Our estimate of global
participation puts the 2002 Winter Games at just over 2300 athletes, up afull eeven percent from the
previous celebration.

The mogt striking ement of Table 2 isthe low participation figure for the U.SA., which strikes
the authors as inappropriate (especialy for the hosting nation). Otherwise, the list proceeds with few
surprises, with Jgpan diding down the ligt after hogting in 1998, and Canada rising somewhat.

Given our estimated coefficients, we can infer how much GDP per cgpitawould haveto risein
any nation to support an additiona participant. In asense, the required rise in total GDP can be

congtrued as the "cost of an extra participant”, athough we must qualify that phrase immediatdy. A rise

10



in GDP brings obvious benefits to citizens (Snce it represents the market value of goods and services
produced) over and aove any correlation with Olympic participation. An extra Olympic participant is
more of a pogtive externdity, or fringe benefit, associated with arisein GDP. Vauesfor top
participant nations of interest are listed in the last column of Table 2.

Unfortunately, data avalability limits comparison to a narrow range of nations. However, it is
gtill gpparent that the additiond GDP required to send an extra participant is smaler for higher income
nations, both in absolute Sze per capita and as ashare of GDP. The U.S. requires the smalest
increase, of $185 per capita or about 0.9 percent of an increase in GDP, whereas Poland requires an
enormous increase of $751 per capita (17.4 percent of GDP). These figures again point to the
quadratic effect of income levels on participation, emphasizing the enormous advantage held by high
income nationsin the Winter Games. 1n essence, there is afixed cost to participation, and after that the
margina cos of an additiond ahleteisrdatively low. However, until the nationd contingent is large, the
fixed cost, which must be spread across dl athletes, is somewhat prohibitive.

Out of interest, the nation holding the record for most participants per citizen was Seychelles,
with arate of over 193 ahletes per million inhabitants (in the 1980 Summer Gamesthey sent a
delegation of 12 participants). The winter record is held by Icdland (1952 Winter Games) who sent 11
athletesfor arate of over 75 athletes per million citizens. The corresponding records for most female
participants per citizen are held by the same nations (each with a pair of women athletes, Seychellesin
1980 and Iceland in 1976) at rates of 32 and 9 women athletes per inhabitant respectively.

If we consider records for the number of participants per dollar of GDP, the undisputed winner

is Romania (0.31 and 0.05 athletes per thousand dollars of GDP at the 1964 Summer and 1968 Winter
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Games respectively). For female participation, Chinaleads dl others (0.10 and 0.01 femde athletes per
thousand dollars of GDP at the 1988 Summer and 1984 Winter Games respectively).

V. Who Wins? Medalwinning at the Winter and Summer Olympics

It isagreat mark of nationd prestige to succeed in the meda counts at the Olympic Games, so
it isimportant not only to consider participation, but medawinning asagod of andyds. We present
three complementary methods here: success at the nationa level by counting medals won, successin
the meda rankings by counting a nation's share of total medas bestowed, and the probability of success
a theindividud levd. After adl three gpproaches, asummary offers our predictions for the Salt Lake

City Games of 2002, aswell as our estimates of the "cost” of amedd for alis of nations.

A. Nations and medal counts

From anationa perspective, winning ameda is a two-step process involving sending
participants and then encouraging those athletes to excel. The Heckman two-step process would
determine coefficient estimates that avoid sample sdection bias due to nations that do not participate
(and therefore cannot possibly win ameda). However, coefficient estimates are Smilar in magnitude
and interpretation to Smple pand OL S estimates with nation-fixed effects. Since we are primarily
interested in the subset of nations that participate, and since pand OL S results offer somewhat more
accurate in-sample predictions, we present only those estimates here, warning the reader that these
coefficients gpply only to participant nations.

Asbefore, consder asmple linear function to assess the determinants of medal-winning or

SUCCESS!



medals =a +b,GDP +b,GDP? + b,POP + b,POP?* + b, HOME + b, NEIGH

10
+& b, POL, +b,,LFROST +b,,HFROST + b, t + b, MED +u, +e (2

i=7
where medals isthe number of medals earned by nation i, MED is the number of medds available to
be awarded, and other variables are defined earlier. Thefirst column of Table 3 presents results for dl
medals earned by a nation, while the second column presents estimates for gold medals done.

In pardld to results for participation, per capitaincome has a positive impact on meda
winnings, but snce the range of income is limited among nations with participants in the Games, the
coefficients are smdler in impact. Participant nations average one more meda per $1000 GDP per
capitain the Summer Games, but need over twice that much for an extramedal in the Winter Games,
Furthermore, income seems to play no explanatory role in Winter gold medds, dthough thereisa
positive but decreasing impact of income on Summer gold medals.

More popul ous nations win more meda's (and more gold medas) at the Summer Games a an
average rate of one medd per ten million inhabitants (one gold meda per 30 million inhabitants).
Interestingly, less populous nations fare dightly better in the Winter Games, dthough the edge is dight.

Asin participation, the home nation has a strong advantage, taking home 25 more Summer
meda's (and 3 more Winter medals) than expected, including 12 Summer gold medas and 1 Winter
gold. Neghboring nations share marginaly in the bounty, earning 2 more Summer medas than
anticipated, but no extra gold and no edge in the Winter at dl.

Thereisinsufficient data on participating monarchies or military regimesto offer conclusons
about medd performance, but it is drikingly obvious that single party and Communist systems

outperform expectations by an huge margin. They average 18 Summer medals (8 of them gold), and 10
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Winter medds (5 of them gold) above their peers with the same economic and geographic attributes. It
isatribute to the athletic systems of these nations that these winnings come despite evidence that they
send no more participants than expected, but rather Smply excel once they have arrived.

Colder nations outperform their competitors by alarge amount, in both Summer and Winter
Games, a variable which captures the performances of Canada, Russa and Scandinavia especidly.
Finaly, the time trend and count of available medals tend to counteract each other. While it has become
more difficult to win any given medd over time, it becomes easier to win any medd as the number of
avallable medas increases,

B. Nations and share of medals awar ded

Asatest of robustness, we report a second formulation. Since the number of medals a nation
canwinislimited by the number of medds available, it dso makes sense to estimate meda winnersasa
share of thetotal (Bernard and Busse, 2000). The estimation equation hereisidentical to (2), but is at
the nationd levd, and a limited dependent variable (ranging from zero to one). Results are presented in
the third column of Table 3, and while some variables were dropped to avoid collinearity issues, the
remaining results are very sSmilar to those of other formulations. They differ primarily in the increased
importance of dimate, and inggnificance placed on the single party/Communist sysem. In-sample
predictions for the most recent celebrations in each season are adequate but not outstanding, holding a
correlaion with actua medd standings of 0.66 for the Summer Games and 0.58 for the Winter Games.

Asaresult, we will not use these estimates for out-of-sample prediction.

14



C. Individuals and success

Findly, we gpproach the meda competition from the viewpoint of the individud ahlete, where
the probability of winning is affected by the nationa support offered to him or her. We use an ordered
probit to modd this process, with characterigtics of each athlete's nation affecting the probability of
achieving any medd, and subsequently affecting the probability of reaching higher medas. An ordered
probit smply recognizes that each successve medd is more difficult to obtain, so that in order towin a
slver medd the athlete must also have been able to win abronze medd in that same event.

Asin (2), consder asmple linear function to assess the determinants of medd-winning or
success, with the same variables defined earlier, here based on the participant's nationality. The
dependent variable for each observation (i.e. athlete) is their performance levd--- 3 for agold meda, 2
for asilver medd, 1 for a bronze medd, and O for participating with no medal success.

The results for dmost 90000 athletes over 26 Games are presented in the last column of Table
3. Asthey mirror dlosdly the direction and significance of coefficients in the other andyses, we fed
confident in our primary mode (based on nation meda counts). Therefore, we omit discusson here and
proceed to out-of-sample predictions.

D. Medal predictionsfor 2002 and the" cost" of winning

In-sample meda count predictions for the 1998 Winter Games have a correlation of 0.94 with
actual meda counts (and 0.88 with gold medd counts). Comparable vaues for the most recent
Summer Games are 0.95 for medals and 0.96 for gold medd counts done. Asaresult, wefed quite

confident in the overdl predictive pattern of our estimates, athough individua nation results naturdly

15



have alarge degree of uncertainty. Meda predictions for the Salt Lake City Games of 2002 are
presented in Table 4.

Once again, Snce data are not available for dl nations, meda counts for nations marked with an
agerisk were inferred as a share of the remaining medals to be won (based on their performancein
previous celebrations). In addition to the limitations mentioned above to participation projections, there
isareiance here upon predictions of tota medas to be awarded, in order to predict their distribution
among nations. Since the precise number is unknown (due to ties in which severa medds of one rank
are presented, or occasiond cancellations) the totals are based on an estimate of 235 awarded medals.
Naturdly, if there are a different number of medas awarded, estimates could be rescaled to mirror the
true total.

The medd predictions have some anomdies hidden in aligt that otherwise conformswell to
historical precedent. For example, Germany till topsthe list but has an amost unbelievable lead on the
rest of the field. Werethisto occur in Sat Lake City, it would certainly be known as the first German
Winter Olympics held outside of Germany. Part of that lead has been caused by the dippage of
Norway, which has been replaced by Russiain second place. The U.S,, bolstered by the homefield
audience, tiesfor third with Norway. Other surprisesinclude the huge gains by Switzerland, Swveden
and two newcomersto the lig--- lceland and Luxembourg--- largely due to their combinations of cold
climates, high income per cgpitaand smdl populations.

These irregularities point out some limitations of the out-of-sample prediction method. Instead
of reading these predictions as a gambling handbook to the Olympics, the careful reader should treet
them as a guiddine to how well nations would be expected to perform given their nationd economic and

politicd attributes. Departures from the predictions may sgnify unavoidable fluctuations around the
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average relationships of the modd, or may equaly smply reflect underlying differences between nations
acrosstime not included in our varidbles. Findly, and in amogt satisfying way, they may reflect persond
characterigtics of athletes, trainers, coaches and athletic infrastructure that remain the primary focus of
the competitions.

We as0 present etimates of the "cost™ of amedd, and agold medd in particular, using the
same methodology detailed in the participation section. Naturdly, the same caveats and warnings about
interpretation gpply here. In fact, since coefficients have been estimated only for participant nations, and
cannot be extended with confidence outside of that set, values in this table must be considered with even
more care than for participation estimates.

On average, an additionad meda is associated with an increase of roughly $1750 income per
capita, or growth of 11 percent for the nations listed in the Table. Naturdly, the cost (and implicit
growth required) islower for high income nations, reaching alow of $1645 per capita (8 percent
growth) for the U.S. For gold medals, the values are naturally much higher, averaging dmost $4750 per
capita (a 30 percent growth rate) for most nations. Notice especidly that for Korea, an additiona gold
meda is associated with an astounding 67 percent increase in GDP per capita

These values have another interpretation aswdl. If an ahlete unexpectedly winsamedd, itis
asif hisor her nation has received the Olympic benefits associated with ariseinincome. Inasense, an
unexpected gold medd creetes the Olympic sensation normaly only associated with nations having
incomes $4750 higher per person. It is smal wonder then that medalists are showered with gifts and
congratulations, and that festivities treat the athlete as a hero in low income nations where the victories

are more rare and the percentage impact on "Olympic income levd" is much greater!
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The"codt" of amedd dso drives home the message that low income nations will never be able
to win more Olympic success based on rapid growth rates. The required vaues are smply too high.
They must rely on athletic ability, population, and the introduction of new events to swing the meda
countsin their direction.

Some would argue that the most successful nation at each celebration of the Gamesisthe nation
with the most medd's per citizen, or most medas per dollar of income per capita. Norway has seven of
the top eight places on the list for most winter medals per citizen, setting the current record of over 6
medds per million inhabitants a homein 1994. They adso hold the top Six pogtions on thelist of most
gold medd's per citizen, with a 1994 record of one for every 1.4 million citizens. The summer records
are hed by lIcdand (1956, 6.3 medds per million citizens) and Luxembourg (1952, 3.4 gold meda's per
million ditizens).

If "low cogt” isthe god, the USSR et the standard in winning the most Winter medd's per
dollar of GDP per capita. 1n the 1964 Games they won 0.009 medals (and 0.004 gold medals) per
dollar of income per capita, but fill five of the top x placesin both ligs with other smilarly impressve
numbers. China has been even more spectacular in the Summer Games, winning 0.04 medals (1992)
and 0.02 gold medals (2000) per dollar of income per capita.

V. Which Event? Differences between athletic events

It is now obvious that there are differences between the Winter and Summer Olympics (eg.
income helps more in participation in the Winter, population in the Summer, and both are more
indrumenta in garnering Summer medas than Winter medals). This begs the obvious question of

whether there are discarnible differences between events as well, even within the same ceebration. It
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seems natural that there would be an advantage to populous nations in events which rely on physica
endurance or drength, primarily because they will have alarger population upon which to draw for
paticipants. Similarly, there might be an advantage to high income nations in events which rely on
equipment or expengve facilities.

To test for differences, we crested Sx categories of events, three parallel categoriesin each
Season's celebration.  Labor-intengve events in the Summer Games include wrestling, judo, the
marathon and 10000 meter run, while [abor-intensve events in the Winter Games are comprised of dl
cross-country/nordic skiing events. Capitd-intensive Summer Games are those involving horses, the
equestrian and modern pentathlon events, and sailing. The counterpart in the Winter Games cons s of
luge, bobdeigh and ski jumping, dl of which require expensive dedicated infrastructure for practice.
Findly, asathird type in each season, we propose team-based sports for the Summer Games of
football/soccer, field hockey, softball, basebdl, basketbdl, handbdl, volleybal and waterpolo. Inthe
Winter Games, the group is very thin as the only team event consstently celebrated isice hockey,
athough curling and speed skating relays will soon join that group.

While the results showed some Satigticdly sgnificant differences, the actud size of the
differences was smdl. For example, in summer events, income per capitaweighed most heavily in favor
of competitors in capitd-intensve events, but was indgnificant in team events. Population Sze was
ggnificant and pogtivein dl summer events, but with much larger reative impact in labor-intengve and
particularly team events. In dl winter categories, differences were tiny, perhgps due to the more limited
number of events (and therefore medadsto be won). Naturdly, dl of these results are sengtive to the

particular events chosen as part of each group and other researchers may have more success with
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dternative groupings. Since the results add little to the overdl conclusion of this paper, they are omitted
here but are available from the authors.

VI. Conclusions

Regardless of the precise medd countsin this particular celebration of the Olympic Games, we
can be confident of severd facts. There is a significant and measurable participation advantage to
larger, higher income nations, athough income is more important in the winter and populaion is more
important in the summer. Femae participation isrisng over time, augmented primarily by larger nations.
Among participaing nations, high income nations aways perform very well in the meda counts, dthough
the effects are more pronounced in the summer due to the difference in the participant pool.
Interestingly, smd| nations outperform their larger competitors at the Winter Games, whilethereverseis
definitdy true a the Summer Games.

Furthermore, there are undeniably large advantages to being the hogting nation, both in terms of
participation and meda counts. Neighboring nations share in the advantages during the summer, but
have no advantage in the winter. Single party and communist regimes do not send more athletes than
expected, but once there, they excd a winning medadsin ether season. Findly, colder nations
outperform warmer ones, even in the Summer Games.

Our predictions for SAt Lake City's Games of 2002 imply large athletic contingents from the
U.SA., Russaand Germany, with a surprisng runaway win in medal counts for Germany (31 medds,
11 gold) while three nations (Russia, U.S.A. and Norway) battle for the next three positions at 20 or 21

medals apiece.
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We provided estimates of the extraincome per capita required to boost participation or medal
counts for severa prominent nations, finding that the cost of participation averages $260 per capitafor
magjor participating nations. The "cost" of a meda is $1700 per capita and rises rapidly to $4750 per
capitafor agold medd.

Congdering the public and professiona interest that thiswork has generated, the authors are
considering maintaining a webste dedicated to ongoing andysis and predictions about the Games. This
stewill include historica data, comparisons to trend, and projections for nations of particular interest.

Finaly, it is ultimately the hope of the authors that readers understand the spirit of this paper, as
they share the Olympic spirit of internationa cooperation and athletic competition. The purpose of this
paper, and of the Olympic movement, is not to point out winners and losers but to understand the

processes by which we strive to excdl.
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Table 1: National participation in all Games

Effects of economic and political variables on participation in the

Winter and Summer Olympic Games, 1952-2000

Variable All Games Separate Winter and Summer Games
All participants Female participants All participants Female participants
Coeff t-statistic Coeff t-statistic Coeff t-statistic Coeff t-statistic
Constant -418 093 -3.68 274 *** -8.83 200 ** -8.23 559 ***
Winter only 6.75 1.09 7.38 3.62 ***
GDP per capita 2.92 3.02 *** -0.14 0.37
(thousands)
Winter only 0.11 0.09 -0.03 0.06
Summer only 7.16 6.11 *** -0.24 0.53
GDP per capita 0.15 330 *** 0.14 6.90 ***
squared
Winter only 0.13 217 ** 0.04 1.56
Summer only 0.10 177 * 0.21 877 ***
Population (millions) 0.15 317 *** 0.03 183 *
Winter only 0.07 151 0.02 1.10
Summer only 0.27 548 *** 0.04 2.18 **
Population squared 1.2e-6 0.04 -24e-4 176 *
Winter only -4.1e-5 1.04 -1.0e-5 0.69
Summer only -3.4e-5 0.89 48e5 292 ***
Home nation 1239 204 *** 35.2 132 ***
Winter only 315 381 *** 7.13 208 **
Summer only 209.8 26.7 *** 62.7 18.8 ***
Neighbor nation 22.2 6.99 *** 6.86 499 Fx*
Winter only 3.25 0.78 0.18 0.10
Summer only 454 10.6 *** 14.2 8.04 ***

(see next page)




Table 1 (cont.): National Participation in all Games

Variable All Games Separate Winter and Summer Games
All participants Female participants All participants Female participants
Coeff t-datistic Coeff t-datistic Coeff  t-statigtic Coeff  t-statigtic
Political system
Monarchy system -37.8 229 ** -13.4 292 x**
Winter only -12.7 0.83 -3.23 0.70
Summer only -60.9 400 *** -20.6 444 ***
Single party or 5.40 0.35 1.23 0.28
Communist system
Winter only 1.06 0.07 1.20 0.27
Summer only 9.90 0.69 0.31 0.07
Military system -181 114 -3.41 0.77
Winter only -11.3 0.78 -2.15 0.50
Summer only -25.6 1.76 * -5.03 1.14
Other system -37.4 207 ** -12.7 253 **
Winter only -13.6 0.83 -3.36 0.67
Summer only -56.6 344 **x* -19.6 390 ***
Light Winter climate 24.4 266 *** 5.80 224 **
Winter only 5.25 0.63 1.57 0.61
Summer only 40.4 480 *** 9.69 372 ***
Heavy Winter climate 425 3.48 *x* 6.44 1.86 *
Winter only 334 3.03 **xx* 4.96 1.44
Summer only 53.2 482 *** 10.39 3.00 ***
Time trend 0.05 0.20 0.30 3.17 x>
Winter only -0.12 0.38 0.01 0.09
Summer only 0.16 0.50 0.89 6.94 ***
Adjusted R® 0.37 0.31 0.61 0.51
No. of panel groups 276 273 276 273
No. of observations 2478 1908 2478 1908

Notes. Dependent variable = number of athletic participants from anation in aspecific year. Political system variableis measured compared to the omitted system,
republics or parliamentary democracies. Significanceindicated as* for 10 percent, ** for 5 percent, *** for 1 percent



Table 2: Participation in Salt L ake City 2002
out-of-sample predictionsand " cost” of another athlete

Nation 2002 1998 2002 predicted
predicted actual dollar "cost"
athletes [rank] athletes [rank] per capita of

additional athlete
(and % GDP)

U.S.A. 177 [1] 192 [1] 185 (0.90)
Russia* 140 [2] 126 [4] n/a
Germany 114 [3] 131 [3] 212 (1.20)
Canada 101 [4] 81 [10] 197 (1.03)
Sweden 94 [5] 104 [7] 219 (1.29)
Italy 90 [6] 119 [5] 246 (1.62)
Switzerland 87 [7] 74 [11] 190 (0.96)
Norway 84 [8] 831[9] 240 (1.55)
Austria 82 [9] 104 [8] 246 (1.62)
France 77 [10] 112 [6] 228 (1.39)
Czech Republic* 73 [11] 66 [12] n/a
Japan* 73 [11] 175 [2] n/a
Kazakhstan* 71[13] 64 [13] n/a
Finland 71[13] 27 [23] 247 (1.64)
Belarus* 69 [15] 62 [14] n/a
P.R. of China* 67 [16] 60 [15] n/a
Ukraine* 62 [17] 56 [16] n/a
Great Britain 61 [18] 35 [20] 249 (1.67)
Slovakia* 44 [19] 40 [18] n/a
Poland 43 [20] 41 [17] 751 (17.37)
All nations 1485 1332 268 (2.69)
with data

All nations 2316 2077 n/a

Notes: Nations annotated with an asterisk were estimated based on trend instead of regression. Seethe text
for details.



Table 3: Medal winning in all Games

Effects of economic and political variables on medal earningsin the

Winter and Summer Olympic Games, 1952-2000

Variable OLSby OLSby Probit by participant Ordered probit by
participant nation, participant nation, nation, share of all participant athlete,
all medals gold medals medals all medals
Coeff t-statistic Coeff t-statistic Coeff t-statistic Coeff t-statistic
Constant -5.70 210 ** -3.05 237 ** -2.07 7.58 *** | eeee s
Winter only -283 215 ** -0.92 164 -4.50 4,18 *** -1.06 516 ***
GDP per capita
(thousands)
Winter only 0.44 230 ** 0.10 1.28 0.39 2.35 ** 0.08 494 ***
Summer only 1.01 341 *** 0.52 402 *** 0.28 371 *** | e e
GDP per capita
squared
Winter only 0.01 0.46 0.01 0.71 -2.7e-3 0.32 -2.3e-3 2.86 ***
Summer only -0.01 097 -0.01 227 ** -0.01 267 *** | 2.9e-4 3.77 *x*
Population (millions)
Winter only -4.1e-4 0.06 45e-3 161 -1.7e-3  0.35 -1.5e-3 486 ***
Summer only 0.10 6.59 F** 0.03 556 *** 0.01 6.80 *** | 2.5e-3 212 ***
Population squared
Winter only -7.9e-7 0.15 -59e-6 258 *** | 3.5e-6 0.99 7.6e-7 297 ***
Summer only -6.1e5 524 *** | -21e5 431 *** | -12e5 493 *** | -2.0e-6 205 ***
Home nation
Winter only 2.82 3.53 **x 1.39 376 *** 0.61 0.73 0.13 246 **
Summer only 24.9 15.0 *** 11.9 158 *** | --eem aeee- 0.10 454 ***
Neighbor nation
Winter only -0.06 0.13 -0.08 0.39 0.15 0.49 0.05 111
Summer only 2.37 252 ** 0.39 0.91 0.51 111 -0.02 0.88

(see next page)



Variable

Political system
Monarchy system
Winter only
Summer only

Single party or
Communist system
Winter only

Summer only
Military system
Winter only
Summer only
Other system
Winter only
Summer only
Light Winter climate
Winter only
Summer only
Heavy Winter climate
Winter only
Summer only
Time trend
Winter only
Summer only
Available medals
Winter only
Summer only
Adjusted R?
No. of panel groups
No. of observations

Table 3 (cont.): Medal winning in all Games

OLS, all medals OLS, gold medals Probit, medal share Ordered probit
Coeff  t-statistic | Coeff t-statistic Coeff t-statistic Coeff t-statistic
-4.82 1.09 -161 092 | - eeeee | e e
10.3 349 *x* 4.79 423 xx* 1.35 0.72 1.20 13.0 ***
17.87 427 *** 7.71 462 *** 0.54 0.52 0.35 10.1 ***
-6.22 150 -1.91 1.18 0.85 254 ** | aeeee e
-0.46 014 -025 021 -0.13 010 | - eeee-
-358 0.76 -095 052 -0.64 123 | s e
-1.67 111 -0.43  0.73 3.25 3.82 *** 0.94 491 ***
214 0.88 0.12 0.13 1.99 712 *** 0.32 117 ***
426 342 **x 1.32 2.83 **x 2.76 6.10 *** 0.28 543 ***
1246 392 *** 4.52 3.65 x** 1.37 3.06 *** 0.26 122 ***
-0.71 530 *** | -022 363 *** | e eeem | eeeee e
-056 183 * -0.30 211 ** | meeem mmeee | mmeee e
0.05 533 *** 0.05 347 xx* -0.15 264 ** | - aee-
001 134 0.02 166 * -0.02 1.04 | e e

0.47 0.43 na 0.04

197 197 97 | e

1397 1397 1397 88386

Notes. Dependent variable = number of athletic participants from a nation in aspecific year. Political system variableis measured compared to the omitted system, republics

or parliamentary democracies. Significanceindicated as* for 10 percent, ** for 5 percent, *** for 1 percent



Table 4: Medal successin Salt Lake City 2002
out-of-sample predictionsand " cost” of another medal

Nation 2002 1998 actual 2002 predicted 2002 predicted
predicted medals dollar "cost" dollar "cost"
medals (and gold) per capita of per capita of
(and gold) [rank] [rank] additional additional
medal gold medal
(and % GDP) (and % GDP)
Germany 31 (11) [1] 29 (12) [1] 1706 (9.64) 4578 (25.9)
Russia* 21 (10) [2] 18 (9) [3] n/a n/a
U.S.A. 20 (7) [3] 13 (6) [6] 1645 (8.05) 4288 (21.0)
Norway 20 (6) [3] 25 (10) [2] 1759 (11.4) 4837 (31.2)
Austria 16 (4) [5] 17 (3) [4] 1768 (11.7) 4881 (32.2)
Finland 14 (4) [6] 12 (2) [7] 1770 (11.8) 4360 (22.1)
Netherlands* 13 (6) [7] 11 (5) [8] n/a n/a
Switzerland 13 (4) [7] 7 (2) [13] 1660 (8.42) 4894 (32.5)
Italy 11 (3) [9] 10 (2) [9] 1768 (11.7) 4653 (27.3)
Canada 11 (3) [9] 15 (6) [5] 1675 (8.79) 4882 (32.2)
Sweden 10 3) [11] 3 (0) [15] 1722 (10.1) 4429 (23.2)
P.R. of China* 9(0) [12] 8 (0) [11] n/a n/a
France 8(2 [13] 8 (2) [11] 1737 (10.6) 4729 (28.9)
Japan* 7(6) [14] 10 (5) [9] n/a n/a
South Korea 4(2) [15] 6 (3) [14] 1946 (22.5) 5858 (67.7)
Iceland 4 (1) [15] 0 (0) [--] 1752 (11.1) 4912 (32.9)
Great Britain 4 (1) [15] 1 (0) [19] 1774 (11.9) 4804 (30.5)
Czech Republic* 4 (1) [15] 3 (1) [15] n/a n/a
Belgium 3(1) [19] 1(0) [19] 1746 (10.9) 4771 (29.7)
Australia 3(1) [19] 1(0) [19] 1731 (10.4) 4696 (28.2)
Luxembourg 3(1) [19] 0 (0) [-] 1668 (8.61) 4396 (22.7)
Denmark 3(1) [19] 1(0) [19] 1736 (10.5) 4721 (28.9)
All nations 166 (57) 158 (49) 1739 (11.1) 4746 (30.4)
with data
All participant 235 (79) 205 (69) n/a n/a
nations

Notes: Nations annotated with an asterisk were estimated based on trend instead of regression. See the text
for details. Rank is assigned based on total medal counts, so does not conform to the Olympic standard of listing all
nations winning gold medals ahead of other nations with higher total medal counts.



