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SUMMARY 

The present study examined the effect of wind on jumping 

distance in ski jumping by means of computer simulation and 

compared the results with the wind compensation factors 

adopted recently in ski jumping competitions by FIS. The final 

result seems to be very much dependent on the jump length of 

the generic jump used as a basis for the computer simulations 

and therefore the differences in jumpers’ performance level 

make the solution of the compensation system very difficult. 

 

INTRODUCTION 

The effect of wind on jumping distance in ski jumping has 

been well recognized and discussed for long time but the 

changing conditions are probably considered as a part of the 

event especially as it is very difficult to guarantee the equal 

wind conditions for jumpers. Müller [1] suggested that one 

low cost approach to reduce, but not to eliminate, the problem 

would be the correction of wind effects by means of computer 

simulation. Wind speed and direction measured by anemome-

ters along the jumpers’ flight path every 5-10 m would serve 

as input sources for these simulations. Müller [1] concluded 

that simulations usually designed for this purpose would cor-

rect the major part of the wind effect, but still the gusts from 

the side would remain unsolved and even the 3-D simulation 

model would not be capable of solving these questions espe-

cially due to the different reactions of different athletes to such 

gusts. 

 

In 2009 FIS (Fédération Internationale de Ski) decided to start 

testing the wind and gate (inrun length) compensation system 

in ski jumping. The wind compensation factors were calcu-

lated according to the following formula [2]: 

Δw = TWS  (HS - 36)/20, where 

Δw = wind effect on jumping distance (m), TWS = tangential 

wind speed (m/s), HS = hill size (m). It is good to notice that 

the above mentioned equation is linear in regard with wind 

speed and does not take into account the point of landing on 

the hill profile. The wind data was collected by five anemome-

ters (wind velocity measuring devices) placed along jumpers’ 

flight path. These five wind values were then weighted with 

certain factors and averaged. 
 

The new wind compensation system can be considered a very 

dramatic change in the nature of this discipline where the 

longest jumps have traditionally been considered the best 

ones. The purpose of this study was to examine the effect of 

wind on jumping distance in ski jumping and compare the 

results with the wind compensation factors used by FIS. 

METHODS 

The computer simulator used in the present study is a time-

discrete second-order-CoG-point simulator modeling the com-

plete ski jumping performance: the in-run, take-off, transition 

to flight and flight. The following parameters were used as 

input information: Total mass and reference area of a ski 

jumper (based on jumper’s anthropometrics) including skis, 

air density, coefficient of ski friction, take-off force profile, 

drag (Cd) and lift (Cl) coefficients for the crouch inrun posi-

tion, and Cd(t) and Cl(t) for the flight phase. The hill profile 

used in this study represents the modern large hill construction 

(Whistler HS-140 m Olympic ski jumping hill, FIS certificate 

No. 360/CAN 17). 
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Figure 1:  Whistler HS-140 m Olympic ski jumping hill pro-

file with the simulated flight path of 140 m. 

Simulations performed in this study consisted of three differ-

ent approaches: (1) The effect of steady and linearly changing 

head/tail wind (+2, +1, 0, -1, -2 m/s) during the flight phase 

(from take-off to landing) was calculated. (2) The flight phase 

of the reference jump was divided into three different seg-

ments (1.5 s each) and each part was given the wind speed of 

0, +1 or -1 m/s including the total number of 27 simulations. 

(3) The effect of steady head wind and other selected parame-

ters was calculated for three jumps with different level of 

performance (140, 120 and 100 m). The longest jump was 

created by using known input parameters (e.g. aerodynamics, 

take-off force, [3]) of the “excellent” ski jumper. The shorter 

jumps were generated by reducing the lift coefficient (Cl) of 

the flight phase either by 5 % (120 m) or 10 % (100 m) and 

the final adjustments for the target jump lengths were done by 

reducing the take-off force. 



RESULTS AND DISCUSSION 

The results of the approach (1) can be seen in table 1. Wind 

blowing constantly with 3 m/s during the whole flight in-

creased (head wind) or decreased (tail wind) the jumping dis-

tance by + 17.4 m or – 29.1 m (not shown in the table), respec-

tively. On this basis it is easy to understand that the linear 

formula used in the trial period of the wind compensation 

system was not perfect. This non-linearity is mostly caused by 

the ski jumping hill profile as the gradient of the landing slope 

(fig. 1) slows down the rate of distance change in long jumps. 

It is also very obvious that the linear compensation factors are 

appropriate only for a limited range of jumping distances and 

therefore it is very difficult to solve the problem when the 

difference in the performance level of jumpers in the same 

competition is too big. 

 

Table 1: Effect of steady or linearly changing wind on jump-

ing distance of the reference jump (130 m, wind 0 m/s). 

Effect of wind on jumping distance

(ref. jump 130 m, speed 93.6 km/h)

Wind at landing (m/s)

+2 +1 0 -1 -2

+2 12.5 9.3 6.1 2.7 -0.7

+1 10.2 6.9 3.3 -0.3 -3.9

0 7.7 4.0 130 m -3.9 -7.9

-1 4.6 0.4 -4.0 -8.3 -12.6

-2 0.7 -4.1 -8.8 -13.6 -18.2

* the effect of wind in the inrun phase was calculated only for the steady head wind (+1 and +2 m/s).
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Approach (2) showed that averaging/weighting of the wind 

values is problematic as the two different wind combinations 

with the same average wind speed of 0 m/s (1, -1, 0 and -1, 1, 

0 m/s) may result in 4 m difference in jumping distance. The 

sensitivity analysis in table 2 (approach 3) shows that the 

effect of head wind of 1 m/s is different for the jumps of dif-

ferent distance (5.2, 8.8 and 11.9 m increase in jump length for 

the jumps of 140, 120 and 100 m, respectively). 

 

Table 2: The sensitivity analysis where the effect of different 

parameters on jumping distance was calculated for three dif-

ferent jumps of different performance level. 

Long jump Average jump Short jump

parameter change 140 m diff. (m) 120 m diff. (m) 100 m diff. (m)

• inrun speed +1 km/h 143.8 3.8 127.0 7.0 110.1 10.1

• mass - 1 kg 141.5 1.5 (1.1*) 122.6 2.6 (2.0*) 103.5 3.5 (2.5*)

• CL flight +1 % 141.5 1.5 122.5 2.5 103.0 3.0

• CD flight - 1 % 140.7 0.7 121.0 1.0 101.2 1.2

• friction - 1 % 140.2 0.2 120.4 0.4 100.5 0.5

• take-off +1 % 140.5 0.5 120.8 0.8 101.1 1.1

force (ave) +5 % 142.0 2.0 123.3 3.3 105.1 5.1

• head wind +1 m/s 145.2 5.2 128.8 8.8 111.9 11.9

* The effect of mass on Vz and Vinrun ignored

It is very clear that for example head wind has the greatest 

effect on the short jumps landing on the zone where the gradi-

ent of the landing slope is steepest. This means that the final 

result is very much dependent on the jump length of the ge-

neric jump used as a basis for the computer simulations. Al-

though the head wind is more advantageous for short jumps, 

the linear wind compensation used by FIS reduces the jump 

length by equal amount in long jumps as well. Thus in the 

example of table 2 the compensation factor of 5.2 m for wind 

speed of 1 m/s would return the wind-assisted long jump back 

to the reference jump (145.2 – 5.2 = 140.0 m), but favours the 

short jump still by 6.7 meters (111.9 - 5.2 = 106.7 m). This 

“unfair advantage” does probably not determine the final 

standing in any competition, but it clearly shows that the com-

pensation system needs further development especially as its 

idea is to improve the fairness in ski jumping. 

 

The effect of side wind was not considered in the present 

study. It is good to notice that wind blowing from the side 

perpendicular to the direction of motion does not have a tan-

gential component and it is therefore ignored in the current 

compensation system. However, according to the practical 

experience, side wind certainly affects the technical perfor-

mance to some extent. 

 

 

CONCLUSIONS 
It can be concluded that the adoption of the compensation 

system certainly fulfilled the most urgent need of FIS for 

smooth running of the events in ski jumping and in steady 

wind conditions it probably “corrects” most of the cases where 

wind plays an important role. However, the true effect of 

changing wind conditions (gusts, turbulence etc.) on jumpers’ 

performance during the jump is not known. 

 

The combined use of wind and inrun length compensation 

system (introduced with the wind compensation) allows, on 

purpose or not, the competition jury to use higher inrun speeds 

for less skilful jumpers at the start of the competition without 

any risk for possible re-start of the event.  This is very impor-

tant safety aspect since in the season 2009/10 the hill size (HS) 

distance was reached or exceeded in 28 of the total 33 compe-

titions including World Cup, Olympic Games and Ski Flying 

World Championships. 

 

 

REFERENCES 

1. Müller W., et al., Sports Medicine, 39: 85-106, 2009. 

2. FIS Fact sheet, 28 July, 2009. 

3. Virmavirta M, et al., J. Biomech. 34: 465 – 470, 2001. 

 

 

 

 


