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Abstract 

A number of soccer officials have long debated whether to ban soccer games played at 

high altitudes above sea level. This paper explores soccer player’s performance when playing at 

high elevations using data obtained from the Copa Libertadores. I propose a range of direct 

indicators of player performance when playing at high altitudes: the number of total passes, the 

number of passes in the opposition’s half, and the number of successful passes. I also review 

the effects on the percentage of successful passes and the percentage of successful passes in 

the opponents’ half of the field. The performance indicators compare player outcomes when 

playing away above 2,500 meters (8,202 feet) relative to when they play away below that 

threshold. The results suggest that, for the most part, altitude has no impact. It does, however, 

have an impact on variables related to the way a player performs when faced with risky 

decisions. In particular, I find that the percentage of successful passes rises by about 5.6 

percentage points, mostly driven by each player’s behavior in his own half. My findings suggest 

that players (and coaches) adapt to the conditions. 
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Falta de aire: Desempeño de jugadores de fútbol en altura 

 

 

Resumen 

Es de larga data el debate sobre si debe o no prohibirse partidos de fútbol en altura. Este 

trabajo explora el desempeño de los jugadores de fútbol cuando juegan a gran altitud utilizando 

datos de la Copa Libertadores. Para ello propongo una serie de indicadores del desempeño de 

jugadores: el número total de pases, el número de pases en el campo rival y el número de pases 

exitosos. También exploro el efecto del porcentaje de pases exitosos y el porcentaje de pases 

exitosos en el campo rival. Comparo el desempeño de los jugadores en partidos de visitante 

jugados por encima de los 2.500 metros sobre el nivel del mar respecto a los partidos de 

visitante jugados por debajo de la barrera de los 2.500 metros. Los resultados sugieren que, en 

gran medida, la altura no impacta en el desempeño. Hay, sin embargo, cierto efecto en 

variables relacionadas con la toma de decisiones en situación de riesgo. En particular se estima 

que el porcentaje de pases exitosos aumenta aproximadamente 5,6 puntos porcentuales debido 

principalmente al comportamiento de cada jugador en su propio campo. La evidencia sugiere 

que los jugadores (y entrenadores) se adaptan a las condiciones del entorno.  

JEL codes: L83, C21 

Palabras claves: Fútbol, desempeño en altura, desempeño de jugadores de fútbol 
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Introduction 

On July 25th 1993, for the first time in history, Brazil lost a World Cup qualifying game. 

Having already won the World Cup on three occasions, Brazil was beaten 2-0 by Bolivia in La 

Paz (Bolivia), located at approximately 3,600 meters above sea level (11,811 feet). Instead of 

acknowledging that the Bolivian side was probably the best it had ever been, Brazilian press 

and fans blamed the result on the altitude at which the match took place. In February 2007, the 

players of Brazilian team Flamengo, arguably the most popular soccer team in Brazil, reported 

“unsporting and inhuman” conditions while playing a Copa Libertadores (the South American 

equivalent of the European Champions League) game at an altitude of 4,000 meters (13,123 

feet) in Potosí, Bolivia. As such, press and fans campaigned against soccer games played at 

high altitudes.  

The pressure to ban games at high altitudes finally resulted in FIFA’s (the international 

governing body of association football) 2007 decision to ban all FIFA-sanctioned matches at 

elevations above 2,500 meters (8,202 feet). FIFA’s ban was based on concerns about players’ 

health and the “unfair” advantage to acclimatized home teams. In principle, players were 

allowed to play above this altitude only if they had one week to acclimatize. If the game was to 

be held above 3,000 meters (9,842 feet), players should arrive 15 days earlier. These conditions 

were, of course, impossible to implement in professional soccer, since teams play between two 

and three games per week. Complaints from Bolivia, Colombia, Ecuador, Mexico, and Peru led 

FIFA to raise the threshold to 3,000 meters and later to raise the bar enough to allow Bolivia 

to play its home games in La Paz at 3,600 meters (11,811 feet). 

The debate on the effects of playing at altitudes above 2,500 meters remains a hotly 

disputed issue. In this paper, I explore soccer players’ performance when playing at high 

elevations using detailed player data provided by Opta for the Copa Libertadores. Defining low 

altitudes as below 2,500 meters, I compare performance in games held at high altitudes with 

games held at low altitudes, using data on players whose home grounds are located at low 

altitudes.1 Note that due to the lack of proper data (i.e. a thorough physiological exam in a 

significant number of games and altitudes for instance), the objective of the paper is not to 

                                                           
1  In practice, as shown in Table A.1, low altitude refers to stadiums located below 1,163 meters (3,815 feet).  
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establish if players get more or less tired when playing away at different altitudes, but rather to 

determine if they adapt and behave differently when playing above the 2,500 meters threshold 

proposed by FIFA. This contrasts with the prevailing literature, which tends to focus on a 

game’s outcome. However history, both at the club and national level, has proven that altitude 

is no guarantee for an overall better performance. The best teams in Latin America are from 

low-altitude countries such as Argentina, Brazil, and Uruguay.2 Quality factors, difficult to 

measure using aggregate match-based data, as discussed in the literature review, explain much 

of the outcomes. Such factors are only recently available and it is this data that I exploit in this 

paper.  

The results suggest that players change their strategy and tend to take fewer risks as they 

improve accuracy in their passing skills. Empirically, the percentage of successful passes rises 

by 5.6 percentage points at high altitudes in comparison with low altitudes. Players are 

conservative in Romer’s (2006) sense, yet seem to optimize their behavior. The study adds to 

the debate on whether FIFA should regulate high-altitude games. My findings suggest that 

players (and coaches) adapt their strategies to the conditions, and thus no banning appears to 

be necessary. 

Literature review 

Few scholars have studied the effects of altitude on player performance, and the existing 

literature, based on international matches played by the ten South American countries affiliated 

with Conmebol (the governing body of association football in South America), has found mixed 

results. South America is an obvious choice to study the effects of playing at high altitudes 

because it has highly adept soccer teams and there are enough stadiums located above and 

below the 2,500 meter altitude threshold. In Bolivia, Colombia, and Ecuador, the cities of La 

Paz, Bogotá, and Quito – where national teams commonly play their home games – are located 

at higher elevations above sea level than the aforementioned threshold. Relevant stadiums in 

Argentina, Brazil, Paraguay, Uruguay, and Venezuela are mostly located at altitudes lower than 
                                                           
2  The Copa Libertadores has taken place annually since 1960. The best teams of each South American country 

(plus Mexico) compete for the trophy. Only once has a team whose home field is above 2,500 meters won the 
tournament: LDU Quito (Ecuador) in 2008. Argentinian teams, always playing home games well below the 
FIFA threshold, have won the trophy 22 times. Playing at similar low altitudes, Brazilian teams have won 17 
times and Uruguayans 8 times. 
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the threshold. In Chile and Peru, as well as in Bolivia, Colombia and Ecuador, there is also a 

significant amount of stadiums located above and below 2,500 meters. 

McSharry (2007) and Williams and Walters (2011) study the effects of altitude on match 

outcomes using data for all international soccer matches held in South America between 1900 

and 2004 (McSharry 2007) and  between 1902 and 2009 (Williams & Walters 2011).3 In 

contrast, Chumacero (2009) uses data from the 72 World Cup qualifying games played 

between South American countries in the preliminary stages of the World Cups of France 

1998, Korea/Japan 2002, and Germany 2006.  

The empirical findings of these studies are mixed. Chumacero (2009) finds no statistical 

evidence to support the hypothesis that altitude is an important factor in the outcome or score 

of a match. By contrast, McSharry (2007) finds that altitude induces a difference between 

home and away teams that significantly affects the game’s outcome. In particular, he finds that 

high-altitude teams have an advantage over low-altitude teams, both when playing at high and 

low altitudes. However, using the same data as that of McSharry (2007) but relying on a 

different statistical approach, Gore et al. (2008) partly refute these results. Their estimations 

suggest that high-altitude teams do not benefit in low-altitude games. Williams and Walter’s 

(2011) findings are mixed, discovering that teams perform poorly when traveling from lower 

altitudes to La Paz and Quito but perform relatively well when playing in Bogotá. No impact is 

detected when traveling down the mountain. 

The literature has difficulties controlling for other relevant factors determining a game’s 

outcome, such as the teams’ quality or the players’ ability. In some instances the controls used 

do not serve their purpose. A typical regression in these papers explains the match outcome 

(measured in different ways) as a function of altitude (or altitude changes) and a set of country-

based fixed effects. It is argued that the latter controls for differing levels of team ability, but 

over 100 years makes no sense. Brazil, for instance, was a secondary team relative to Argentina 

and Uruguay until at least the late 1930s. A country dummy variable is expected to control for 

all those unobserved characteristics that have not changed over 100 years. It is very difficult to 

                                                           
3  `McSharry (2007) uses the FIFA extensive database and Williams and Walters (2011) acquire the data from the 

website www.rsssf.com. 
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imagine, even in relative terms, what has been unaffected over a century of soccer. Chumacero 

(2009) explicitly controls for the quality of the teams but has the disadvantage that the South 

American qualifiers are played over a period of 18 to 24 months. The controls used (FIFA 

rankings, outcome of the last game played by teams on a neutral field prior to the match, 

standing in the qualifiers, and cumulative results in a number of prior home games) capture 

long-term evolution of team quality but may not accurately capture the teams’ conditions over 

shorter periods of time.4 

Data and Estimation Strategy 

The literature tends to measure a team’s performance by the outcome of each match. 

The implicit assumption behind such an indicator is that each team member is affected in a 

similar way or, put differently, that the prevailing effect of altitude arises from the average effect 

that changes in altitude have over each player. Indeed there is evidence that teams perform 

differently in different setups. For instance, teams tend to perform better when playing home 

than when playing away (Garicano et al., 2005; Dawson and Dobson, 2010). The 2013 Copa 

Libertadores has evidence of this: teams scored 1.5 goals when playing at home and just 1 goal 

when playing away. On average, the unconditional goal difference of a victorious team was 1.7 

goals when playing home and just 1.5 when playing away. 

The observed home bias should come as no surprise (Carmichael and Thomas, 2005). 

Kuper and Szymanski (2009), for instance, show that home field advantage is worth “about 

two thirds of a goal.” However, a detailed look at the data reveals some patterns that are worth 

exploring further. Intuition (and some of the literature reviewed) suggests that teams 

accustomed to playing at low altitudes should perform better when playing away games at 

similar altitudes than when playing at high altitudes. Table 1 rejects this hypothesis. Teams 

accustomed to playing at low altitudes (below 2,500 meters) tend to score fewer goals when 

playing away at a similar altitude than when playing away at high altitudes. Although the 

differences are not statistically significant, the point estimates do go in the opposite direction 

than one would expect. 

                                                           
4  The FIFA ranking is a system based on the results over the previous four years. Prior to 2006 it considered 

results over an eight-year period. 
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Table 1 

 

In this paper, I study a range of alternative and direct measures of player’s performance 

during games at high altitudes: the number of total passes, the number of passes in the 

opposition’s half, the number of successful passes, the percentage of successful passes, and the 

percentage of successful passes in the opposition’s half. The assumption behind these 

indicators is that players are heterogeneous and each behaves differently to changes in altitude. 

Passes were chosen as the performance variable based on the importance that soccer coaches 

and trainers give to this ability as a proxy to excellence.5  Table A.1 in the appendix 

summarizes stadiums and altitudes for the 2013 Copa Libertadores. 

To measure the impact of altitude on player performance, data from the 2013 Copa 

Libertadores, held between February 12th and July 24th, was used. Ignoring the 12 first stage 

games played in January, which seeded six teams into the group phase, the tournament started 

with eight groups of four teams, each of which played on a home and away round-robin basis. 

The best two teams of each group qualified for a home and away knockout stage. The latter 

system remained until a champion was declared. In 2013, Brazilian team Atlético Mineiro was 

the champion. Over the duration of the tournament, 722 players participated in 126 games. 

The data on player performance were provided by Opta. Altitude data, summarized in 

Table 2, were collected using Google Earth, which pinpointed the exact altitude of the stadium 

where each game took place. 

                                                           
5  There are many quotes among agents involved in soccer on the importance of passing but, for instance, ´Tata´ 

Martino, FC Barcelona coach during the 2013/2014 season, defined a pass as “the premise of soccer.” Bill 
Shankly, legendary coach of Liverpool in the 1960s, noted that the “players’ primary objective is to do the 
basics: control the ball and pass.” 

goals scored goals received
Low Altitude 1.0 1.5
High Altitude 1.1 1.4

Source: Opta. Own calculations

Goals scored in away games
Teams whose home field is below 2,500 mts
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Table 2 

 

The identification strategy is based on the comparison of players’ outcomes when 

playing away above 2,500 meters in comparison with when they play away below that 

threshold. Specifically, an altitude variable is defined to be 1 when a player plays away at or 

above 2,500 meters (8,202 feet) if his home field is below 2,500 meters. The variable is 0 when a 

player plays away below 2,500 meters if his home field is below 2,500 meters. This definition is 

based on Kahneman and Tversky’s (2000) argument that past and present experiences of 

certain attributes (such as altitude) define the adaptation level, and hence individuals adapt 

relative to this reference point. Thus, given news of FIFA’s banning intention for games over 

2,500 meters, a player will perceive games held above that altitude in a different manner from 

games held at a lower altitude. Note that, as shown in Table A.1, low-altitude players will climb 

at least 1,394 meters (4,573 feet) when playing at high altitudes. 

The strategy implies that the only data used is away data for players whose home stadium 

is located at relatively low altitudes. The gains of this approach outweigh the costs of 

discarding certain observations in two important ways: First, it eliminates the home bias 

observed in soccer while allowing me to control for other potential relevant factors. Second, it 

compares players under similar conditions; i.e. interest in player performance is only focused 

when they play away. 

  

Mean 742 / 2.434
Standard Deviation 1,157 / 3,796

Average altitude for games played 
above 2,500 m.

2,928 / 9,606

Average altitude for games played 
below 2,500 m.

254 / 833

Source: Google Earth

Altitude 
Meters / Feet
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Table 3 

 

Given the strategy, 1,426 observations are used in the econometric exercise. Column (a) 

in Table 3 reports the average performance per game played away for each player whose home 

stadium is located below 2,500 meters. On average, a player attempts over 22 passes per game 

and achieves an average success rate of 71.2%. The number of passes in the opposition's half is 

considerably lower at less than 10, with a success rate of 64.2%. This is not a surprising result 

because in the opposition’s half a player typically has nearby pressure and, hence, both the 

number of passes and their accuracy tend to drop.  

Column (b) normalizes the results per minutes played in order to allow fair comparisons 

between a player that lasted an entire match on the field (90 minutes) and others that played 

less than that. These normalized figures are the ones used in the empirical exercise. Note that 

the percentage of successful passes need not be normalized. By definition, such percentages 

are normalized by the number of passes attempted. 

Following the logic behind the evaluation impact literature, my objective is to estimate 

the average treatment on the treated (see Bernal and Peña, 2011 for a thorough review of the 

methodology). If the altitude in which a game is played is the treatment, I want to estimate the 

difference between the expected value of player performance per game when treated and its 

counterfactual, the expected value of the same player performance per game when not treated. 

Defining the unit of observation as a player per game, the latter is not observed and 

Per game played Per minute played
(a) (b) (c)

Total passes 22.31 0.34 1,426
Number (14.32) (0.25)

Successful passes 16.74 0.26 1,426
Number (12.40) (0.22)

Passes in the opposition half 9.80 0.15 1,426
Number (8.14) (0.14)

Successful passes 71.2 1,426
Percentage (19.54)

Successful passes in the 
opposition half

64.23 1,426

Percentage (24.26)

Source: Opta. Own calculations.

-

* Away data for players whose home team's stadium is below 2,500 meters.

Performance Data per Player*

Mean
Observations(Standard deviation in parentheses)

-
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consequently I rely on a suitable control group to use instead of the unobserved 

counterfactual. 

A valid control group has to be exogenous to the decision of playing at high altitudes. 

The identifying assumption behind the econometric exercise lies in the randomness of the 

Copa Libertadores draw: no player was able to influence his team’s placement in one of the eight 

groups. For those teams whose home stadium is located below 2,500 meters, the decision to 

travel to high- and low-altitude games was determined in a completely exogenous and random 

way. Thus, there is no selection bias and performance comparisons in low versus high altitudes 

are statistically valid. Two further exercises are required for a proper evaluation impact setup. 

First, the dependent variables should not be a priori different. A t-test comparing each proxy 

used in low and high altitudes shows that performance is not statistically different. Second, 

random selection is guaranteed if altitude is not correlated to the other independent variables. 

A test on the null hypothesis that all variables are jointly zero is not rejected (LR Chi2=5.49; 

Prob>chi2 = 0.7041).  

The equation to estimate is: 

i

J

j
jiii uXAP  

1
10                                                                     (1)  

where Pi is performance as defined above for each i player per game and ui is the error 

term. The variable of interest, altitude (Ai), is the binary indicator also defined earlier, and Xji is 

a set of controls including demographic variables such as age, weight, and height.  

Table 4 

 

Mean Std. Dev. Min. Max No. observations
Age 27.1 4.6 17.2 40.1 711

Height 
(centimeters/feet)

178.3 / 5.85 6.7 / 0.22 160 / 5.25 197 / 6.46 704

Weight   
(kg./pounds)

73.8 / 162.7 6.55 / 14.6 55 / 121.3 94 / 207.24 704

Source: See text

Players' Demographics
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Table 4 reports each player’s demographic data, most of which was collected from either 

Conmebol’s or each individual team’s website. Blanks were filled using other soccer related 

websites.6 Out of the 722 players that participated in the 2013 Copa Libertadores, there is a 

complete set of data available for 703. Other controls in equation (1) include the field position 

of each player, a player’s ability proxy, a measure for the opponents’ team performance in a 

given game, and an opponent fix effect.7 Field position takes into account that contact with the 

ball strongly depends on whether a player is a goalkeeper, defender, midfielder, or striker. 

Ability is measured as each player’s total average successful passes and as the number of passes 

(total, successful, and successful in the opponent’s half) in all previous Copa Libertadores games. 

The opponents’ team performance in a given game (g) is measured as the number of successful 

passes made by the home team relative to the average number of successful passes in the game 

previous to g, during game g, and the game following g.8 The indicator is intended to capture 

the quality of the home team normalized by its average relative performance in adjunct games. 

If the opponent performs well in game g relative to other games, then players’ performance 

should decrease.9 Thus, it has a negative expected sign. Finally, opponents fix effects control 

for the rival’s history or relative importance in the South American context. In this sense, the 

use of just one year of Copa Libertadores is desired because the historical importance of a team 

does not change in such a short period of time.  

Results and discussion 

Table 5 reports the results after estimating equation (1). The full set of ability proxies are 

only presented for the percentage of successful passes, the only scenario where altitude is 

statistically significant (columns a through d). As a point of reference, I report one 

specification for all the other explanatory variables used. No matter the ability proxy used, 

                                                           
6  Among others, I reviewed espndeportes.espn.go.com, www.pasionlibertadores.com, www.ceroacero.es and 

es.eurosport.yahoo.com/futbol 
7  In some alternative specifications (not reported), based on Google Earth data, I included the travel distance 

between the home and away stadium as a measure of travel hassle. It was never statistically significant and the 
variable of interest was robust on whether it was included or not. 

8  For the first game played, there is no previous game to game g, so just the average of game g and the game that 
follows g is considered. I follow a similar approach for the last game. 

9  I am, as mentioned, focusing of away games of low-altitude teams. This proxy captures the relative 
performance of each home team (the opponent of the team playing away) in any given match. 
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altitude was not statistically significant for any of these performance proxies.10  The latter 

implies that, except for the percentage of total passes, a player’s performance does not differ 

statistically when playing at low or high altitudes. 

Columns (a) through (d) suggest that experience is an asset. All else equal, an extra year 

implies a quarter of a percentage point in passing accuracy. The results also indicate that given 

two players with the same weight, an extra kilogram will result in being around a quarter of a 

percentage less accurate. In this case, fitness is valued. Height is not a relevant factor when 

playing at high altitudes. Ability in all four proxies is statistically significant and has the 

expected sign: ability in previous games is positively related to performance in away games. 

Table 5 indicates that playing above 2,500 meters has a positive and statistically 

significant impact on the percentage of successful passes. Everything else constant, a player is 

around 5.6 percentage points more accurate at passing, a remarkable increment if one recalls 

the summary statistics reported in Table 3. Playing at high altitudes, however, has no effect on 

the number of total passes, the number of successful passes, the number of passes in the 

opposition’s half, or the percentage of successful passes in the opposition’s half. 

The significant impact of the amount of successful passes when playing at high altitudes, 

combined with the fact that there is no effect on the amount of passes in the opposition’s half, 

implies that the result is primarily driven by the number of passes made in the team’s own half. 

Such findings indicate that when playing above 2,500 meters, players tend to be more 

conservative in their own half. Losing a ball in one’s own half has a stronger risk for the team 

simply because the ball is closer to the teams’ own goal. In other words, players risk less at 

high altitudes, either by individual choice or driven by the team’s overall strategy. However, 

while playing in the rivals’ half, players will take the same risks as they would in any away game. 

  

                                                           
10  Just by choice I use ability as the percentage of successful passes. The results are invariant on which ability 

measure is used. 
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Table 5 

 

To further explore these findings, following the same strategy already discussed, I test 

the impact of altitude on fouls, ball recoveries, lost balls, and yellow and red cards. Using 

equation (1) (in results not reported) I find that fouls conceded are negatively correlated with 

altitude in a statistically significant manner. This is consistent with previous results, as players 

in away high-altitude games make fewer fouls and are therefore less likely to take risks.11  

The results can be framed within Romer’s (2006) discussion on “conservative” behavior 

in the context of American football.12 Romer argues that teams depart from the optimal path 

that would maximize their chances of winning. According to this argument, conservative 

behavior is revealed because “the immediate payoff to a punt or a field goal attempt has a 

lower variance than the immediate payoff of going” for a first down or a touchdown. 

Following standard expected utility theory, given that at the end one team will win and the 

                                                           
11  There is also weak evidence that use of yellow and red cards falls in high-altitude games. This would reinforce 

the hypothesis. 
12  Romer’s paper uses the expression ‘football’ when referring to ‘American Football’ as opposed to ‘Association 

Football,’ which in this paper I refer to simply as soccer. 

(a) (b) (c) (d) (e) (f) (g) (h)

Dependent variable
Number of 
total passes

Number of 
successful passes

Number of 
passes in the 

opposition half

Percentage of 
successful passes 
in opposition half

Altitude 5.7155 5.5974 5.4826 5.9369 0.0725 0.081 0.0233 3.0765
[2.55]** [2.60]** [2.54]** [2.69]** [0.05] [0.06] [0.03] [4.59]

Age 0.2612 0.2412 0.2324 0.2663 0.0061 0.0058 0.0035 0.2234
[0.12]** [0.12]** [0.12]* [0.12]** [0.00]*** [0.00]*** [0.00]*** [0.15]

Height 0.1143 0.0967 0.0981 0.1099 -0.0003 -0.0007 -0.0009 0.1057
[0.11] [0.11] [0.11] [0.11] [0.00] [0.00] [0.00] [0.14]

Weight -0.1997 -0.2488 -0.2458 -0.2387 0.002 0.0016 0.0001 -0.4386
[0.12] [0.12]** [0.12]** [0.12]* [0.00] [0.00] [0.00] [0.15]***

Opponents quality1 -10.8555 -11.1052 -10.9337 -10.9401 -0.1325 -0.1322 -0.1013 -13.9843
[2.69]*** [2.78]*** [2.78]*** [2.81]*** [0.04]*** [0.03]*** [0.02]*** [3.32]***
29.3864 0.1413 0.1878 0.097 22.104

[5.96]*** [0.05]*** [0.05]*** [0.03]*** [6.57]***
7.6596

[2.96]***
10.1739

[3.32]***
10.0871
[4.97]**

Constant 50.4725 78.7293 77.716 76.9636 0.1732 0.1442 0.2752 73.8059
[16.90]*** [16.02]*** [16.08]*** [16.10]*** [0.19] [0.16] [0.11]** [20.03]***

Opponents fix effects YES YES YES YES YES YES YES YES
Field position per player dummies YES YES YES YES YES YES YES YES

R2 0.26 0.24 0.24 0.23 0.18 0.23 0.26 0.24
Observations 1426 1426 1426 1426 1426 1426 1426 1426
Standard errors in brackets
* Significant 10%, ** 5%, ***1%
1  Opponents' quality  is the percentage of the rival's team successful passes in game i  relative to the percentage of successful passes in the previous, the current, and the next game. 
2  Ability  is measured as the average performance each players' has had in previous games.
Source: Opta. Google Maps. Own Calculations

Own team's previous ability - # successful passes 
in opponent's half(per minute played)2

Players' performance at high altitude

Percentage of successful passes

Own team's previous ability -% Avg. successful 
passes2

Own team's previous ability - # total passes (per 
minute played)2

Own team's previous ability - # successful passes 
(per minute played)2
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other will lose, the decision maker should maximize the probability of winning despite the high 

probabilities of losing. 

The results reported in Table 5 suggest that decision makers are conservative. In this 

case, however, there is no reason to believe that they do not follow the optimal strategy. In 

soccer, as in football, a team can win or lose, but unlike in football a draw is also a common 

result. In fact, around 18% of Copa Libertadores games resulted in a draw. Given the 

aforementioned existence of home field advantage and the format of the Copa Libertadores, 

teams tend to accept a draw in an away game as a valid result, particularly if the game is held in 

anticipated complicated circumstances, including high altitudes.  

Players seem to be wary about altitude and, consequently, they behave in a conservative 

manner. If a ball is lost in the opponents’ half, then there is no immediate danger and hence 

players behave statistically the same as in low-altitude away games. However, when the ball is 

lost in the players’ own half, the physical effort to recover the ball can have negative 

consequences later in the game and so players’ are more risk averse. 

A natural extension would be to explore players’ behaviors at higher altitudes using the 

same control group. However, as noted in Table A.1, if the threshold is raised to 3,000 meters, 

only half of the teams previously considered to be high-altitude teams would remain. The lack 

of extra data is a limitation of the exercise, but as more data become available for Copa 

Libertadores, the exercise can and should be extended to better understand performance at 

various altitudes.  
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Conclusions 

This paper has explored the impact of altitude on player performance by comparing two 

sets of players per game: those who play away at above 2,500 meters but who are accustomed 

to low altitudes, and those who play away below 2,500 meters. This strategy eliminates the 

well-known home bias and allows the focus to be placed on how behavior during high-altitude 

games is affected. Using several performance indicators, the results suggest that altitude has no 

impact, at least for the most part. It does, however, have an impact on variables related to the 

way a player performs when faced with risky decisions. In particular, I find that the percentage 

of successful passes rises by about 5.6 percentage points driven by each player’s behavior in his 

own half. The results suggest that the way teams adapt to altitude conditions slightly alters how 

they face the game when ball possession is near their own goal. The results do not deny the 

fact that conditions at high altitudes might be harsh for some players. They do show, however, 

that individual performance is not severely affected. Specific conditions will always change, be 

they weather, grass length, or altitude. My results do not support the hypothesis that high-

altitude games should be banned. Soccer is the most prevalent sport in the World, and players 

are able to adapt and perform to such changing conditions.  
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Appendix 

Table A.1 

 

Stadium Country Home team Altitude (meters/feet)
Jesús Bermúdez Bolivia San José 3731/12,241
Hernando Siles Bolivia The Strongest 3598/11,804
Inca Garcilaso de la Vega Peru Real Garcilaso 3,363/11,033
Nemesio Diez Mexico Toluca 2,683/8,803
Nemesio Camacho Colombia Millonarios; Santa Fe 2,557/8,389
Manuel Murillo Toro Colombia Tolima 1,163/3,815
Olimpico UCV Venezuela Caracas FC 865/2,838
Mineirao Brazil Altético Mineiro 853/2,799
Estadio Independencia Brazil Atlético Mineiro 843/2,766
Pacaembú Brazil Corinthians; Palmeiras 766/2,513
Morumbí Brazil São Paulo 753/2,470
Estadio Nacional Julio Martir Chile Santiago de Chile 574/1,883
Metropolitano Barquisimetro Venezuela Deportivo Lara 468/1,535
General Pablo Rojas Paraguay Cerro Porteño 126/413
Alberto Gallardo Peru Sporting Cristal 121/397
Defensores del Chaco Paraguay Olimpia 103/338
Dr. Nicolás Leoz Paraguay Dr. Nicolás Leoz 79/259
Caliente Mexico Tijuana 56/184
Parque Central Uruguay Nacional 52/171
Tierra de Campeones Chile Deportes Iquique 48/157
Marcelo Bielsa Argentina Newell's Old Boys 32/105
Estadio Olimpico Joao Havelange Brazil Fluminense 31/102
Centenario Uruguay Nacional; Peñarol 29/95
Monumental Banco Pichincha Ecuador Barcelona 29/95
Estadio CAP Chile Huachipato 23/75
José Amalfitani Argentina Vélez Sarsfield 17/56
Monumental de Victoria Argentina Tigre 16/53
Sao Januário Brazil Fluminense 13/43
Alberto J.Armando Argentina Boca Juniors 11/36
George Capwell Ecuador Emelec 8/26
Arena de Gremio Brazil Gremio 5/16
Julio H Grondona Argentina Arsenal 4/13
Source: Google Earth.

Teams, stadiums and altitude in the 2013 Copa Libertadores


