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Abstract – This study aimed to verify the influence of wave size on the performance of surfers 
in the main division of the World Surf League (WSL) Tour. The study included 31 surfers 
from the top division of the 2019 tour of the WSL. The two best waves of each surfer per heat 
were evaluated, separated, and combined, from round one to the final, totaling 1749 waves and 
847 combinations. The study variables were related or associated with the number of victories 
and ranking. Spearman’s correlation coefficient was used in all correlations in the study and 
Binary Logistic Regression to verify possible associations and estimate the odds ratio (OR) 
between the variable wave size and the result. Through the evidence, it was concluded that: 
1) those surfers who during the season caught the biggest waves of the heats more often were 
more likely to win their heats and achieve better rankings in the season; 2) all surfers had to 
catch a portion of just no bigger waves and the best classifieds took advantage of them better; 
3) the biggest waves had the greatest influence on the tubes, then on the turning maneuvers and 
lastly on the aerials; 4) the three groups of maneuvers were decisive for the good performance 
in the season, being the tubes the most decisive.
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Resumo – O objetivo deste estudo foi verif icar a influência do tamanho da onda no desempenho dos 
surfistas da divisão principal do Tour da World Surf League (WSL). Participaram do estudo 31 
surfistas da divisão principal do Tour de 2019 da WSL. Foram avaliadas as duas melhores ondas 
de cada surfista por bateria, separadas e combinadas, da rodada um a f inal, totalizando 1749 ondas 
e 847 combinações. As variáveis do estudo foram relacionadas ou associadas ao número de vitórias e 
ao ranking. Foi empregado o coeficiente de correlação de Spearman, em todas as correlações do estudo 
e a Regressão Logística Binária para verif icar possíveis associações e estimar a razão de chances 
(OR), entre a variável tamanho da onda e a resultado. Através das evidências concluiu-se que: 1) 
aqueles surfistas que durante a temporada pegaram mais vezes as maiores ondas das baterias tiveram 
mais chances de vencer suas baterias e conseguiram melhores classif icações na temporada; 2) todos 
os surfistas tiveram que pegar uma parcela de apenas ondas não maiores e os melhores classif icados 
as aproveitaram melhor; 3) as maiores ondas apresentaram maior influência nos tubos, depois nas 
manobras de virada e por último nos aéreos; 3) os três grupos de manobras foram determinantes para 
o bom desempenho na temporada, sendo o dos tubos o mais determinante.
Palavras-chave: Desempenho atlético; Esportes; Esporte aquático.
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INTRODUCTION
Performance in competitive surfing is subject to two sets of factors: those 

that are within reach and depend directly on the surfers, such as physical 
and psychological capabilities, technical and tactical skills; and external 
factors, which can benefit or harm surfers’ scores, such as equipment, wave 
conditions, refereeing, and opponents1. This multiplicity of factors causes 
great variability in surfers’ performance, making competitive results almost 
unpredictable2.

Waves are essential for surfing, they have different sections and shapes3, 
the waves on the same beach can change during the day, they are influenced 
by tide changes, winds, and swells that reach the beach4. The more varied the 
wave sections, the more skills surfers must have to take advantage of them3,5.

The World Surf League (WSL) annually tests surfers’ skills at different 
events, beaches and waves6. Each wave surfed receives a score from a panel of 
judges. Depending on the beach where the event is held, the waves favor the 
execution of certain types of maneuvers3,7,8.

Performance in competitive surfing has been studied through physical and 
physiological indicators1,9,10, through interventions11, testing protocols12, psycho-
behavioral13, and technical-tactical indicators8,14.

Recently, many studies have been carried out based on information from 
top-division surfers available on the official WSL page. Some studies compared 
scores and verified the number of successful maneuvers7,15, compared scores of 
the best and worst in the ranking16, compared waves with and without aerials17, 
compared types of aerials18,19, analyzed aerial landings20, injuries resulting 
from aerial21, related the aerial with the ranking22, verified the influence of the 
surfers’ appealing expressions on the scores23 and studied the essential skills 
for performance24.

However, no study has quantified the influence of wave size on the performance 
of WSL surfers. The objective of this study was to verify the influence of wave 
size on the performance of surfers in the main division of the World Surf 
League (WSL) Tour.

METHOD

Participants
Thirty-one surfers from the main division of the 2019 World Surf League 

(WSL) Tour participated in the study. As an inclusion criterion, surfers had 
to have participated in at least 9 events during the season.

Procedures
Data from the 2019 season was collected through the official WSL page, 

where 10 of the 11 stages were analyzed (excluding Fresh Water Pro, USA / 
wave machine). The two best waves of each surfer per heat were evaluated, 
separately and combined (together), from round one to the final, totaling 
1749 separate waves and 847 combinations.

To verify the influence of wave size on the performance of WSL surfers, 
the study variables were related or associated with the number of victories and 
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the ranking. The verification was carried out directly through wave sizes and 
indirectly through types and combinations of maneuvers.

The wave size variable categories were collected following the following 
procedures: at the moment the surfer was preparing to perform the first 
maneuver, the surfer who caught the wave chosen as the highest was the 
one who caught the biggest wave in the heat, and the rest took the non-
larger ones.

The type of maneuver as in the study by Lundgren et al.7 was divided 
into three groups, turning maneuvers, aerials, and tubes. The collections 
of these groups followed the following procedures: waves that contained 
at least one aerial or tube were classified as aerial or tubes, the others as 
turning maneuvers; when the aerial and the barrel were performed on the 
same wave, the one performed in the most powerful region of the wave was 
chosen between them.

The variable combination of maneuvers classified the maneuvers of each surfer’s 
two best waves and was composed of six categories: (1) turn maneuver-turn 
maneuver; (2) aerial-turn maneuver; (3) aerial-aerial; (4) tube-turn maneuver; 
(5) tube-tube; (6) tube-aerial.

In the number of maneuvers variable, maneuvers performed in the critical 
part of the wave were counted, being analyzed wave by wave and categorized 
into: one maneuver, two maneuvers, and three maneuvers or more.

The performance reference variables were collected as follows: in the result 
variable, the first place was considered the surfer who won the heat, and the 
others entering the category did not win the heat; The ranking of the stages 
and the season was obtained from the official WSL page.

Statistical analysis
The statistical packages IBM SPSS Statistic, version 20.0, Past 318, and 

BioEstat 5.3 were used, with a significance level of 95% (p<0.05).
The normality of the data was initially assessed using the Kolmogorov-

Smirnov and Shapiro-Wilk tests. Spearman’s correlation coefficient was used 
in all correlations in the study. As indicated by Cohen25, the effect size of the 
correlations followed the following references: (0.10-0.29) small effect, (0.30-
0.49) medium effect, (≥0.50) large it is made.

Binary Logistic Regression was used to check possible associations and 
estimate the odds ratio (OR) between the wave size variable and the outcome.

For association tests, the variables were analyzed in their binary formats. 
For correlation tests, new variables were obtained through the number of times 
each surfer performed each category of each variable.

RESULTS
In Table 1, the absolute and relative frequencies of the study variables were 

presented. During the 2019 season, those surfers who won their heats represented 
46% and those who caught the biggest wave 45% of the total. The most frequent 
maneuver group was turning maneuvers (62%), followed by tubes (28%) and 
aerials (10%). The most frequent maneuver combinations of the two best waves 
were turn maneuver-turn maneuver (52%) and tube-tube (21%).
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Table 1. Absolute and relative frequencies of the variables observed in the study.

Variables n %

Type of maneuver/wave
Turning maneuvers 1082 62.0
Aerials 180 10.0
Tubes 482 28.0
Total 1749 100.0

Result
Won the heat 387 45.7
Didn’t win the heat 460 54.3

Wave size
Big wave 381 45.0
No bigger waves 466 55.0

Combination of maneuvers (two best waves)
Turning Maneuver-Turning Maneuver 444 52.4
Aerial -Turning Maneuver 82 9.7
Aerial-Aerial 34 4.0
Tube-Turn Maneuver 80 9.4
Tube-Tube 181 21.4
Tube-Aerial 26 3.1
Total 847 100.0
Event ranking 36 100.0
Season ranking 31 100.0

In the season observed. the wave size variable was associated with the result 
variable. surfers who caught the biggest wave in the heat were four times more 
likely to win their heats than those who didn’t (95%CI: 3.02 – 5.36. p<0.001. 
n=847). The odds ratios of winning the heat by catching the biggest wave. 
according to the maneuver combinations of each surfer’s two best waves. were 
presented in Figure 1. The lowest value was found in the aerial-aerial combination 
(2.8) and the highest in the tube-tube combination (6.6).

Figure 1. Odds ratio (OR) of winning the heat by catching the biggest wave according to the maneuver 
combinations of each surfer’s two best waves (847). Note. TM-TM: turning maneuver and turning maneuver; 
TM-AE: turning and aerial maneuver; AE-AE: aerial and aerial; TU-TM: turning and tube maneuver; TU-TU: 
tube and tube; TU-AE: tube and aerial.

The correlations of the variables observed in the study with the number of 
victories and the season ranking (n=31) were presented. The biggest wave in 
the battery was the study variable that showed the greatest correlation with 
the number of victories and the ranking (rs=0.79 vs. -0.77). The non-largest 
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waves presented lower correlations than the largest wave. relating more to the 
ranking (rs=0.51 vs. -0.55) (Table 2).

Regarding the types of maneuvers, the group of turning maneuvers showed a lower 
correlation with the number of victories than with the ranking (rs=0.48 vs. -0.56). 
The group of aerial maneuvers showed a higher correlation with the number of 
victories than with the ranking (rs=0.63 vs. -0.52) and the tubes showed the highest 
correlations with approximate values in both situations (rs=0.67 vs.-0.68) (Table 2).

Table 2. Correlations of the variables observed in the study with the number of victories and the season 
ranking (n=31).

Variables
Number of Wins Ranking

rs p-value rs p- value

Wave size
Big wave 0.79 <0.001 -0.77 <0.001
No bigger waves 0.51 0.003 -0.55 0.001

Type of maneuver/wave
Manobras de Virada 0.48 0.007 -0.56 0.001
Air 0.63 <0.001 -0.52 0.003
Tubes 0.67 <0.001 -0.68 <0.001

Combination of maneuvers (two best waves)
Turning maneuver-Maneuver turnaround 0.28 0.120 -0.38 0.033
Aerial turning maneuver 0.48 0.007 -0.38 0.032
Aerial-Aerial 0.44 0.012 -0.33 0.068
Tube-Turn Maneuver 0.46 0.009 -0.45 0.012
Tube-Tube 0.45 0.012 -0.49 0.005
Tube-Aerial 0.41 0.022 -0.33 0.072

Note. rs: Spearman correlation.

For surfers of the season (n=31). turning maneuvers showed a correlation 
of great effect with three maneuvers or more per wave (rs=0.84. p<0.001) and 
a medium effect with two (rs=0.34. p=0.060). the aerials showed a correlation 
of great effect with one maneuver (rs=0.61. p=0.001) and a medium effect with 
two (rs=0.37. p=0.038). the tubes showed a correlation of great effect with one 
maneuver (rs=0.84. p<0.001) and medium effect with two (rs=0.32. p=0.075).

DISCUSSION
In the study by Méndez-Villanueva and Bishop1 it was stated that wave 

conditions were among the external factors that could influence competitive 
performance. Méndez-Villanueva et al.2 emphasized the almost unpredictable 
nature of performance in competitive surfing.

In the present study. regardless of how the maneuvers were performed. 
the simple fact of catching the biggest wave in the heat quadrupled the number 
of surfers’ chances of winning their clashes. Although it is not included in the 
WSL6 rule book. it was the variable that showed the greatest correlation with 
the ranking. consequently, the variable studied that had the greatest impact on 
the season’s performance. In events where the waves varied more in size. those 
surfers who caught the biggest waves increased their chances of winning. In this 
way. in line with what was stated by Slater and Borte26:14. the size of the wave 
is also a factor that can influence the judgment.

The same maneuvers when performed in the biggest waves of the battery 
were more valued than when performed only in the non-biggest ones. This could 
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explain the intriguing correlation (r=0.76) between the duration of each wave 
and the grades received in the study by Peirão and Santos8. This study analyzed 
the WSL judging criteria and found a large effect correlation of a variable that 
was not and is not included among the judging criteria6. Everything indicates 
that the bigger waves provided surfers with a greater area covered and more 
vigorous maneuvers.

Demonstrated by a correlation with a large effect. although smaller than 
that of the largest waves. non-larger waves played an important secondary 
role in the season. It was less frequent to achieve victory with just these waves 
and all surfers had to catch a portion of them during the season. Their greater 
correlation with the ranking demonstrated that the best classifieds made better 
use of them. which according to Garcia and Romero13 may be related to the 
high competitiveness of these surfers.

Smaller waves were used during events. particularly in some phases. for example: 
in the Jeffreys Bay (RSA) event. they provided more critical walls for better use 
of turning maneuvers. in Portugal (POR) and Gold C (AUS) were widely used 
in the final heats through the execution of aerials and in Theahupo’o (PYF) 
they allowed deeper tubes.

Lundgren et al.7 highlighted that professional athletes. to maximize their 
performance. should be able to choose the waves that score the most. In the 
present study (n=36). catching the biggest wave in the heat was significantly 
correlated with the ranking of all stages of the season and catching the non-
biggest ones only in Jeffreys Bay (rs=-0.33. p=0.043). France (rs=-0.40. p=0.015) 
and Portugal (rs=-0.35. p=0.034). Even so. the effects of being able to catch 
the biggest waves in the ranking of these stages were greater rs=-0.55. p<0.001. 
rs=-0.51. p=0.001 and rs=-0.48. p=0.002 respectively.

The present study analyzed the maneuvers through separate waves like 
previous studies and together. a model closer to the reality of heat. where the 
two best waves of each surfer are considered by the judges6. The combined 
maneuvers of the two waves together presented lower correlations than those 
analyzed separately. cleaner correlations. with less interference in the value of 
one maneuver over the other.

The turning maneuvers were the most performed maneuvers of the season. 
they were usually performed through two maneuvers or more and proved to 
be important for achieving better classifications. Wins were common when 
they were associated with the biggest wave in the heat. as the biggest waves 
increased your chances of winning by more than three times. In non-larger 
waves. they were used in smaller. more hollow waves that allowed the use of 
more powerful maneuvers.

Confirming the findings by Lundgren et al.7 and Forsyth et al.15 turning 
maneuvers did not prove to be a group of high-scoring maneuvers. However. 
the present study proved that when the surfer’s other wave had an aerial or 
tube. their results were enhanced.

Most of the aerials’ victories were achieved through waves, not the biggest. 
when they were performed along the biggest waves. few surfers lost their heat. 
Isolated aerials showed a correlation of great effect and. across the two best 
waves. of medium effect with the number of victories. Corroborating the studies 
Lundgren et al.7,17, Ferrier et al.18,19 and Forsyth et al.15 which confirmed that 
waves with aerials scored higher than waves without aerials. On the other hand. 
the weakening of their correlations with the season’s ranking demonstrated 
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that the best classified diversified their maneuvers through the use of turning 
maneuvers and tubes instead of aerials.

The correlation of the number of aerials with the 2019 season ranking 
(rs=-0.52) had a greater effect than that found by Tietzmann et al.22 in the 
2016 season (rs=-0.39. p=0.030). Evidencing that to achieve better rankings. 
greater amounts of aerials were required in 2019 than in 2016. The turn-aerial 
maneuver combination was the only aerial combination to correlate with the 
season’s ranking. but the aerial-aerial and tube-aerial combinations ratified its 
importance by correlating with the ranking (n=36) with a large and medium 
effect in the Gold C. (AUS) (rs= -0.60. p<0.001) and Rio de J. (BRA) (rs= 
-0.46. p<0.011).

The tube group was the second most performed group of maneuvers in the 
season. like aerials. tubes were widely used in waves of one to two maneuvers. 
but larger. The tubes demonstrated great interference from the biggest wave 
in the battery. which could increase your chances of victory more than four 
times. In non-larger waves. they were used mainly through deeper tubes and 
as high-value maneuvers. to join with another wave that contained turning 
maneuvers and in some situations aerial.

As was also seen in the study by Lundgren et al.7 tube waves exhibited a 
reduced number of turning and aerial maneuvers. corroborating that the ability 
to catch tubes was proven almost independently of other maneuvers. Among 
the maneuvers. the pipes were the ones that showed the highest correlations 
with the number of victories (rs=0.67) and with the ranking (rs=-0.68). still 
the greatest effects of the maneuver combinations of the two best waves with 
the ranking (rs=-0.49 and -0.45). Evidence that they were vital for surfers 
to win many heats and the most decisive maneuver group to achieve better 
classifications and avoid disqualification.

CONCLUSION
Through the evidence, it was concluded that: 1) those surfers who during the 

season caught the biggest waves in the heats more often had more chances of 
winning their heats and achieving better rankings in the season; 2) all surfers 
had to catch a portion of only no larger waves and the best classified made 
the most of them; 3) the biggest waves had a greater influence on the tubes. 
then on the turning maneuvers and finally on the aerials; 4) the three groups 
of maneuvers were decisive for the good performance in the season. with the 
tubes being the most.

This study may help surfers understand that bigger waves are generally 
more valued than non-larger waves and in some cases, non-larger waves are 
the only and best option. Because the three types of maneuver were related to 
the ranking. it is recommended that they train the three types. with the tubes 
proving vital for the classification. New studies could be carried out replicating 
this in a longitudinal directionand could also study the tactics involved in 
catching the waves.
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