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d ^ The author questions the accuracy 
and reliability of curreni methods of wind 
measurement. He compares the sophisticat­
ed and accurate meihods. nowadavs used to 
record and assess the finish ofa race, wilh 
the less refitted methods of assessing wind 
.strength. He explains the problems associat­
ed with the use of just one anemometer at 
one spot and describes experiments being 
carried out. laider the aegis of Ute German 
Athletic Federation, to deiermine whether 
the use of several anemometers (8). placed 
at 20m inlervals each side ofthe sprint 
track, would give a more e.xacl and reveal­
ing reading of the wind experienced by the 
athletes during the whole of ihe race, tt A 
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Doubts about the accuracy of meihods 
of wind measurement have exisled since the 
very first anemometers were brought Inlo use 
on the athletic irack. 

Since the replacement of manual by 
electronic measuremenl. false results have 
been eliminaied step by step. However, in 
spile of improvements in wind measuring 
technique, an objective representation of the 
effect of adverse and favourable winds on the 
runners has become even more questionable. 
The reason for this Is ihal ihe rules decree 
that only one wind gauge is necessary. How­
ever. Ihe mean value measured by Ihls inslru-
nienl is expecled to be an expression of the 
wind effecis over Ihe whole duralion of the 
run and ihe rules demand an exaciness tmly 
in the region of 10-1. Exact measurements -
if these are possible al all in view of the prob­
lems mentioned above - are rounded up 
from hundredlhs to the nexl higher tenth of a 
metre per second. 

The inlroduction of pholofinish timing 
systems has made possible an accurate visual­
ization of the athleles as they cross the finish 
line, which is only 5cm broad. It seems para­
doxical. Iherefore. that the inexactness of 
such a wind reading is in strong contrast lo 
the accuracy of the liming devices, which can 
measure values In the area of 10-3. guaran­
teeing a tolerance of maximally 10-5 In 24 
hours. Furthermore ll Is possible lo represeni 
the exaciness of 10-2 in Ihe form of a graph 
instead ofa digital sequence. 

On the one hand, this uncertainly, when 
dealing with wind measurement, is caused by 
the complex "wind" phenomenon. On the 45 
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other hand. Ihere are no clear findings as lo 
how much a following wind favours thc ath­
letes or how much a head wind hinders ihcm. 
Flowever. il should be noted Ihat a followine 
wind does nol represeni a force pushing the 
athlele because an a thle le . running at a 
velocity of lOni/sec, Is moving five Umes as 
fast as the legal maximum of the following 
wind of 2m/sec. A following wind means onlv 
that there is a decrease In Ihc aerodynamic 
drag opposing the athlete's motion. 

The way athleles displace the air de­
pends on Ihcir body profiles. I.e. ihelr fn^nial 
areas, which inOuence Ihc aerodynamic drag. 
Wilh a following wind, the aerodynamic drag 
is less than with a head wind. Wind measure­
ment In athletics deals only with favourable. 
i.e. following winds. 

When speaking of lhe athlete's frontal 
area, one has to Imagine the most advanla­
geous (or disadvaniagcous) s treamlined 
shape. In car construction this shape Is ex­
pressed by the CW (continuous wave) value. 
which is constani. In the runner, however. 
this shape is subject lo constant variation. 
The runner's lolal CW value could be de­
fined only if each position of the body. I.e. 
every change of the angular posiiion of arms, 
legs, head and trunk, were to be measured 
exactly. In order to calculate each individual 
CW value during each l/lOO sec of a stride 
cycle. Reliable findings concerning the ath­
lete's energy balance can be obtained only by 
using a suitable model of a sprinter, allowing 
the simulation of alt body positions occurring 
during the run. for the purpose of taking 
measuremenis in a wind tunnel. 

According to Ihe rules of wind mea­
surement, which are now almost 60 years old. 
wind forces higher than 2m/sec are consid­
ered as favourable Using a scale from I to 
12. wind force 2 is described as a light breeze, 
which can just be fell and which is seen In a 
rustling of leaves. 

We slill lack reproducible measure­
ments, cleariy showing to what extent a fol­
lowing wind of 2m/sec reduces aerodynamic 
drag and whether this reduclion of drag has 
any definite effecl on the energy output. 

Observat ions which give reason to 
assume that lhe wind condilions during the 
different sections of a sprint and at different 
points around the track are not at all constani 
also generate doubt about the reliability of 
current meihods of wind measuremenl. 

Finally, the feeling of uncertainty has 
been augmented by inadequate regulations 
aboul Ihe calibrallon of wind gauges and the 
problem of mainlaining accurate measure­
ment in spite of mechanical stresses such as 
set-up. dismantling, transport and storage. 
Nor is il clear to what extent helpers can be 
allowed to slay In the area surrounding lhe 
wind gauge. And. last but nol least, no lesls 
have as yet been made to examine whether 
the sprinters themselves produce an air 
movement Ihal is recorded by the wind gauge 
and Ihus leads lo measuremenl errors. 

There are numerous publications by 
well-known experts dealing with the prob­
lems meniioned above. However, these pub­
lications are often based on theoret ical 
assumptions or derive mathematical models 
from statistical dala. They are not based on a 
systematic Investigation of real wind condi­
tions. 

The German Athle t ics Federa t ion 
(DLV) has initialed a project to examine all 
Problems in wind measuremenl. This project 
is a co-operation of 

• the Inslilule of Thermo and Fluid Dy­
namics of the University of Bochum. 

• the Institute of Aerodynamics and Mea­
surement Technique of the Technical 
Universilv of Darmstadt. 

• the Institute of Athletics and Gymnasiics 
al Ihe German Sport University in Cologne. 

• Iwo manufacturers of wind gauges and 
• Ihe Federal Inslilule of Spori Science as 

co-ordinaior. 

This investigalion. which is supported 
by lhe International Athletic Foundation 
(lAF) has not yet been completed. There­
fore, this article deals onlv wilh some select­
ed aspects of this ongoing invesligalion. How­
ever, these aspects and approximate ly 



350.000 individual measurements can provide 
a representative picture. 

Presumably ihls Is the first time that 
several calibrated wind gauges. Itigether with 
a compuier programme especially developed 
for such measuremenis. have been used lo 
examine lhe behaviour and possible mea­
surement of air movements in stadiums. 

In the framework of this investigalion. 
four wind gauges were placed on the lefl and 
right side of the runnmg track and measure­
ments were made during 

• the World Championships in Slullgarl in 
my3. 

• the Duisburg Gala Meeiing in 1994. 
• the South German Championships in 

Konstanz In 1994. 

Research was also conducied. under 
non-compeiiiion conditions, in the university 
stadium in Freiburg and In the siadium of 
Villingen-Schwenningen. 

During the World Championships In 
Sluitgarl in 1993. a new Ultrasonic anemo­
meter was used as the official wind gauge. 
The results of the measurements laken were 
integrated into the dala records stemming 
from the eighl measuring lubes. The measur­
ing devices were arranged as shown In Figure 
I. For technical reasons, the dala acquisition 
system had to be moved to lhe starl area: 
consequenlly. because of Ihe prepared lenglh 
of the cables, devices 8 and 4 had lo be 

placed in the start area while devices I and 5 
had lo be moved lo the finish area. During all 
later measuremenis lhe arrangemeni of the 
devices was the other way round. This means 
ihal lhe measuring lubes 1 and 5 were alwavs 
placed in the siarl area and devices 4 and 8 
were placed near the finish area. The dis­
tance belween the starl and the firsl measur­
ing lube, between each measuring tube and 
between ihe last measuring lube and the fin­
ish was 20 meires, Therefore, the official 
wind gauge at Ihe 50m point was always 
between the 6th and the 7lh tube in Stultgart 
and belween lhe 2nd and 3rd measuring lube 
during the measuremenis al the other meet­
ings. The following wind condilions have 
been arbitrarily selected from lhe dala re­
corded In Slullgarl 

!n two of the men's 200ni heats lime 
segments could be observed, during which 
there were relatively windy conditions while. 
on August lb and 17. 1993. lhe days of lhe 
other lesl measuremenis. ihere were extraor­
dinarily windless condilions. Figures 2a and 
2h give an overview of the measurements 
recorded by all the tubes. In each case the 
official record has been printed on lhe lop 
righl side of lhe figure: this measurement 
record is Ihe mean value of (me measurement 
over a IOOm course and lhc corresponding 
lime. The mean values of all eighl measuring 
tubes in lhe lesl sequence deviate fr<jni this 
official value to lhe same exienl as lhe mean 

s 
Official wind gauge made available by SEIKO-Timing 

^^ 20m 40m 60m 80m '^'" 

Tubes Tube 6 Tube? Tubes 

Tube 1 Tube 2 Tube 3 Tube 4 
1 1 

sh 

Figure 1: Arrangement ot wind measurement devices along the track 47 



3rd Heat 200m Men 

Time Tubel 

11:24:43 0.43 
11 24:44 0.43 

11:24:45 0.46 
11:24:46 0,49 

11:24:47 0.52 

11:24:48 0.56 

11:24:49 0.61 

11:24:50 0,66 

11:24:51 0.66 

11:24:52 0,61 

Mean 0.54 

Mean 

Tube2 

1.25 

1.60 

1.50 

1.32 

1,30 
1.34 

1.39 

1.37 

1.33 

1.30 
1.37 

Tubes 
1,11 

1.13 

1.22 

1 19 

1.13 

1,09 
1.04 

1.01 

0.93 

0 91 
1.07 

Tube4 

0.35 

0.33 

0,30 

0,26 

023 

0,23 
0,22 

0.21 

018 

0.15 

0.24 

Tube5 

-0.75 

-0.76 

-0.79 

-0,82 

-0.79 

-0.81 

-0.85 

•0.85 
•0.87 

•0,92 

•0.82 

Seiko measurement 

Tube6 Tube? Tube8 

1.60 1.08 0,21 

1.66 1.15 0 1 6 
1.71 1.18 0 1 4 

1.71 1.22 0.13 

1.65 1.15 0.38 

1.62 1.03 0.46 

1.51 0.92 0.51 

1.52 0.93 0 60 

1.69 0.86 0.70 
1.72 0.74 0.71 

1.64 1.02 0.40 
1.64 1.02 

* 1.6m,'sec 

0.66 

1.33 

6th Heal 200m Men 

Time Tubel 

11:46:39 1,41 

11:46:40 1,20 
11.46:41 1,06 

11:46:42 0,93 

11:46-43 0,86 

11.46,44 0.85 

11:46:45 0.90 

11:46:46 0,88 
11 46:47 0,75 

11.46:48 0.70 

Mean 0.95 
Mean 

Tube2 

0.76 

0.68 

0.63 

0.58 
0.53 

0.46 

0,42 

0.39 

0.34 

0.26 
0.50 

Tubes 

1-58 

1,55 

1.38 

1.20 
1.14 

1.06 

0,96 

0.85 

1,01 
1 14 

1,18 

Tube4 

-1.82 

-1.82 

-1.70 

-1.59 

-1.42 
-1.27 

-1.10 

-1.00 

-0,96 

-1 01 

-1,37 

Tube5 

-1.42 

-1.43 

-1.24 

-1,10 

-0,97 

-0,89 

-0.84 

-0,81 
-0,74 

•0.69 

-1,01 

Seiko measurement 

Tube6 Tube? Tube8 

1.99 -0.62 -1,01 

2.03 -0.3? -0.78 

1.94 0.08 -0.60 

1.87 0-?2 0 55 

1.65 1.06 -0,46 
1.34 1.00 -0.42 

1.00 0.93 -0.39 

0.86 0.95 -0.38 
0,74 1.03 -0.34 

0.66 1.11 -0.29 

1.41 0.59 -0,52 
1.41 0.59 

•tO.em sec 

0.22 

1.00 

Figures 2a and 2b: Samples of measuring results of all tubes (1-8) In comparison to the offi­
cial measuring result, 200m men, heat 3 and 6 
(bold: tubes 6 and 7 next to tfie official device) 
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values of lubes 6 and 7, which have been con­
sidered separaiely and between which lhe 
official measurement lube was placed. 
However, ihese results are disk)ried because 
all values fail lo lake into account the run­
ners' movemenis. The runners reach lubes 8 
and 4 afler 20 metres, lubes 7 and 3 after 40 
metres, tubes 6 and 2 afler 60 metres and 
tubes 5 and I afler 80 metres. Tlie wind act­
ing on the runners would have been mea­
sured only al these points. Therefore, it is not 
surprising that these mean values do not al 
all correlate with lhe official wind readings. 

Figures 3a and 3b show the data of Ihe 
respective lime periods and make possible 
the reconstruction of what happened on the 
track. Allhough. from a mathematical point 
of view, the averaging out of already deter­
mined mean values is questionable, it should 
be clear that a mean value from four alreadv 

calculated mean values can be expected to be 
more exact than Ihe values measured over a 
lotal period of 10 seconds and recorded in 
the form of one mean value. 

Allhough lhe air currents observed 
during the 12 hours of measurement were 
exiremely light. Ihe measuring data demon­
strate lhe very differeni wind condilions at 
lhc individual measuring tubes. 

Figures 4a and 4h show the respective 
maximum values of tail and head winds. The 
lables selected were derived from the dala 
measured by lubes 6 and 7. between which 
the official wind gauge was placed. The wind 
conditions are shown for cerlain points In 
lime (seconds) ralher than for the whole 
period, ll is interesting to observe thai, apart 
from the maximum values at tubes 6 and 7. 
very differeni measuremenis were recorded 
at all other tubes. 



Time 

11 24:42 
11,24:43 
11:24:44 
11:24:45 
11:24:46 
11:24:47 
11.24:48 
11:24:49 
11:24:50 
11:24:51 
11:24:52 

Mean 

meires 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Tub« 1/5 

0,44/.0.79 
0 43.'-0,75 
0.43/-0,76 
0,46/^0.79 
0,49/-0.82 
0,52/-0,79 
0.56/-0,81 
0,61;-0,85 
0,66.^0.85 
0.66/-0.87 
0.61/•0,92 

0.53/-0.82 

Tube 2/6 

0,91/1.42 
1.25/1.60 
1 60/1.66 
1-50/1,71 
1,3Z'1,71 
1,30/1,65 
1.34,'1.62 
1.39/1.51 
1-37/1,52 
1-33/1.69 
1,30/1-72 

1,33/1 62 

Tube 3/? 

1,31/0,96 
1-11/1-08 
1 13/1.15 
1,22/1,18 
1 19/1,22 
1,13/1,15 
1 09/1 03 
1 04/0-92 
1 01/0,93 
0,93/0-86 
0.91/0,74 

1.10/1,02 

Tube 4/8 

0 36/0 39 
0-35/0 21 
0.33/0.16 
0.30/0,14 
0,26/0.13 
023/0,38 
0.23/0,46 
0.22'0.51 
0,21/0.60 
0.18/0.70 
0.15/0,71 

0.26/0,40 

Mean 

Tl,rT5 0,16 

T2,T6 1,52 

T3/T7 1.06 

T4/T8 0.41 

0,71 

Seiko -1 em'sec: mean between Terr?: V32 wsec, mean of all means; 0,68m('sec j 
blue: dala when the mnners passed the respeelive pairs ol tubes 1 

or even an exact, let alone, a 
just result. We must wait 
and see whelher ihis will 
evenlually lead lo a change 
In the rules. It should, how­
ever, be emphasi/.ed thai the 
current rules of wind mea­
surement are extremely 
questionable. 

Ear l ier publ icat ions 
dealing with this subject 
c»miparcd wind readings in a 

Figure 3a: Research on wind measurement in athletics at Stuttgart i^ijujiuni closed bv stands at 
200mmen.heat3 [^^ four sides (bul wiihout a 
Choosen time segment, lOsecbetween 11:2442^ 11:24:52 . - . • , , 

roof) wnh those m stadiums 
with openings beiween the 
stands, through which lhe 
wind could enter In varying 
degrees of slrength. 

These measurements 
were conducied in 
• lhe Daimler siadium in 

Slullgarl . which Is en­
closed by Identically 
high stands at all four 
sides. Fu r the rmore , a 
roof over lhe stands at 
all four sides causes 
ideniical wind flow con­
ditions; 

• in the Wedau siadium in Duisburg, where 
there is one stand of a lower heighl. the 
main stand facing the finishing straight 
has a roof and Ihe stand along the back 
straighl is roofless; 

• in the stadium in Konstanz, which Is open 
on one side: 

• in the Freiburg Universiiy siadium and in 
the Villingen/Schwenningen stadium, 
where Ihc stands are nol so high, so that 
the wind can enter lo some degree. 

Measurements were laken in five dif­
ferent stadiums and. allhough the wind con­
dititms were different, there were identical 
results. 

On a course of IOOm length the wind 
does nol move al all in a regular or even pre-

Time 

11:46:38 
11.46:39 
11 46:40 
11:46:41 
11:46:42 
11:46;43 
11:46:44 
11.46:45 
11:46:46 
11.46:47 
11:46;48 

Mean 

metres 

0 
10 
20 
30 
40 
50 
60 
70 
60 
90 

100 

Tube 1/5 

1,67'-1 47 
1.41/-1 42 
1,20/-1.43 
1.06/-1-24 
0.93/-1 10 
0.86/-0,97 
0.85/-0,89 
0.90/-0,84 
0.88/-0-81 
0.75/-0 74 
0,70/-0,69 

1,02/-1,05 

Tube 2/6 

0.88/2,14 
0,76/1,99 
0,68,'2,03 
0,63/1 -94 
0.58/1,87 
0.53/1.65 
0.46/1.34 
0.42/1.00 
0,39/0-86 
0.34/0,74 
0.26/0.66 

0.54/1.47 

Tube 3/7 

1,69/-0.67 
1 58/-0.62 
1,55/-0.37 
1 -38/0 08 
1,20/0 72 
1,14/1,06 
1 06/1,00 
0,96/0,93 
0-85/0,95 
1,01/1.03 
1,14/1,11 

1,23/0.47 

Tube 4/8 

-2,03/^1.20 
•1 82/-1,01 
-1,e2/-0.78 
•1.70/^0-60 
-1,59/-0.55 
-1,4Z^0.46 
•1,27/-0-42 
-1,10/-0,39 
•1-00/-0-38 
-0,96/^0.34 
-1.01/-0.29 

-1,43/-0.58 

Mean 

T1/T5-0,116 

T2/r6 1,225 

T3/T7 1,03 

T4/ r8 -0.69 

0.3625 

Seiko: »0.6 m;sec. mean between T6/T7. 0 97 m/sec, mean of all means: 0.21 m/sec | 
blue data when lhe runners passed the respective pairs of tubes 

Figure 3b: Research on wind measurement in athletics at Stuttgart 
200m men, beat 6 
Chosen time segment: 10sec between 11:46:38 -11:46:48 

Figures 5 and 6 illustrate these different 
measuring results with regard to anoiher 
period of lime during lhe World Champion­
ships in Slullgart. These figures make clear 
that wind movements do not follow any logi­
cal siruclure. 

The results of the measurements con­
ducted al lhe Gala Meeting in Duisburg on 
June 12. 1994. the South Germany Champion­
ships in Konstanz on July 23 and 24. 1^94 and 
in lhe Freiburg and V'illlngen-Schwenningen 
stadiums (where measurements were made 
only for scientific purposes) confirm Ihe find­
ing that Ihere is no consianl air movement on 
a l(H)m course during a period of 10 seconds 
(Figures 7 und 8). This leads lo Ihe conclu­
sion thai wind measurements using (mly one 
wind gauge do nol provide a representative dictable way. 49 



The multilude of data confirms the 
finding that all buildings in the environment 
of the stadium lead Io significant wind swirls, 
which disperse only afler long distances free 
of obstacles. 

During the measurements in Freiburg 
lhe wind gauges were supplemented by smooth­
ly moving wind flags made of a rigid plastic 
material. Figure y shows ihe wind direction 
readings, the wind forces determined by the 
measuring device using laminar streamlines 
and the computed real wind forces and direc­
tions. 

Againsi Ihis backcloth. the following 
obscrvalion becomes signifleanl: Wind is met 
not only on lhc siraighi sections of the track 

A g e n d a t o F igure 5 ^ 

X-axis - time. 
In this case: Aug. 16. 1993, 18:33:15- 18:33:24. This time 
interval is lOsec and thus corresponds to the duration o fa 
10Om race. 

y-axis = wind force in m/sec. 

Wind velocity was continuously measured and recorded, 
regardless of ine competitions so that, apart from the com­
petition periods, which were given special marks, more than 
5.000 slates (1 state = Isec with one measuring value each 
at 8 gauges) were recorded 

in the present case the official wind measuremenl would 
have laken place at the location of the experimental wind 
gauges 2 and 4, The mean value of these measurements 
would have been above the limit value of 2.Om/sec although 
all other wind gauges produced significantly lower values: 
lhe mean value ol all gauges, measured over the complete 
ilOsec interval, would have been around 0.31m/sec. 

bul at every other section of the oval running 
track and the Interior space of the stadium. 

M a x i m u m 

Tliiie 

12:07:24 

12:07:25 

12:07:37 

12:07:36 

19:52:01 

12:07:38 

18:38:17 

11:46:38 

18:38:18 

11:46:37 

18:38:19 

11:46:36 

T i e a s u r e m e n t 

T l 

0.97 

1.03 

0.55 

0-58 

•0,46 

0,51 

1,62 

1.67 

1.71 

1.98 

1.57 

2.34 

T2 

0.06 

0,10 

-0,75 

-0,75 

-2,20 

-0 76 

2,73 

0-86 

2,70 

1.02 

2.56 

1.12 

r e s u l t s at t u b e 6 

T3 

-0-66 

-1.19 

-0.99 

-1.09 

-0.32 

-0.94 

-0.10 

1.69 

-0.22 

1.85 

-0.32 

1.95 

T4 

-1,05 

-1.19 

-0,91 

-0,97 

-0,29 

-0,90 

-0,64 

-2,03 

-0,88 

-2,20 

-1.10 

-2.06 

T5 

-1,18 

-1,24 

-0,31 

-0,34 

-1,04 

-0,27 

0-18 

-1.47 

0,12 

-1 51 

0-05 

-1.55 

T6 

-2.18 

•2.02 

-1.88 

-1.87 

-1.85 

-1.76 

2.08 

2.14 

2.18 

2.18 

2.21 

2.23 

T? 

•1,57 

-1,69 

-2,19 

-2.02 

-0,39 

-2.10 

-0,60 

-0,67 

-0.85 

•0,74 

-0-99 

-0,68 

T8 

•1.63 

-2.00 

-1.24 

-1-21 

0-03 

-1.19 

-1.01 

-1.20 

-1-18 

-1.23 

-1-23 

-1 40 

Mean of 

tubes 1-8 

-0.91 

-1.03 

-0.97 

-0.96 

-0.82 

-0.93 

0.53 

0.13 

0.45 

0.17 

0.35 

0.24 

M a x i m u m 

Time 

1 2 : 0 7 : 2 9 

1 2 : 0 7 : 2 8 

1 2 : 0 7 : 3 0 

1 2 : 0 7 : 2 7 

1 2 : 0 7 : 3 2 

1 2 : 0 7 : 3 1 

18 

11 

18 

18 

18 

18 

0 7 : 5 0 

5 9 : 3 1 

0 4 : 3 3 

0 4 : 2 5 

0 4 : 2 7 

0 4 : 2 6 

m e a s u r e m e n t r e s u l t s a t t u b e 7 

T l 

0 , 9 7 

1 ,00 

0 . 9 4 

1 . 04 

0 , 7 9 

0 , 8 8 

- 0 . 7 1 

- 0 . 4 5 

0 , 9 9 

0 . 7 4 

0 . 8 9 

0 , 8 6 

T2 

- 0 . 1 5 

- 0 . 1 4 

- 0 , 3 2 

•0 .07 

- 0 . 6 9 

- 0 , 5 7 

- 0 . 1 5 

0 .39 

0 .59 

0 .53 

0 .67 

0 . 6 2 

T3 

- 1 . 6 0 

- 1 . 6 3 

- 1 - 4 5 

- 1 , 4 6 

- 1 . 2 1 

- 1 . 3 2 

0 . 0 0 

1 .30 

0 - 9 6 

0 . 5 4 

0 . 6 1 

0 - 5 9 

T4 

- 1 . 1 9 

- 1 . 2 2 

-1 -26 

- 1 . 1 8 

-1 .51 

- 1 . 5 5 

0 .05 

0 .25 

- 0 . 0 9 

0 13 

0 .11 

0 13 

T5 

- 0 , 8 3 

- 0 . 9 0 

- 0 . 7 1 

- 1 . 0 2 

- 0 . 5 0 

- 0 . 6 1 

0 , 0 5 

0 , 5 9 

1,21 

0 , 3 7 

0 , 6 2 

0 . 5 0 

T6 

- 1 . 0 8 

- 1 . 1 8 

- 1 . 0 3 

- 1 , 3 7 

- 1 . 0 8 

- 1 . 0 4 

0 , 1 2 

0 , 2 0 

1,48 

1 ,12 

1,26 

1.13 

T7 

- 2 . 6 7 

- 2 . 5 6 

- 2 . 5 6 

- 2 . 4 2 

- 2 . 3 7 

- 2 . 3 0 

1 . 6 6 

1 . 6 6 

1 . 6 8 

1 . 7 8 

1 . 7 8 

1 . 8 4 

T8 

- 1 . 6 3 

- 1 , 8 5 

- 1 . 5 7 

- 1 , 9 7 

- 1 . 3 0 

- 1 . 4 4 

0 ,26 

0 ,98 

- 0 , 8 7 

- 0 . 3 2 

- 0 . 7 5 

•0 .57 

Mean of 

tubes 1-8 

- 1 . 0 2 

- 1 . 0 6 

- 1 . 0 0 

- 1 , 0 6 

- 0 , 9 8 

• 0 . 9 9 

0 . 1 6 

0 . 6 2 

0 - 7 4 

0 . 6 1 

0 . 6 5 

0 . 6 4 

Figures 4a and 4b: 
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Samples of measuring results of all tubes (1-8) in comparison to the offi­
cial measuring result (bold: lubes 6 and 7 close lo the official device) 



Figure 5: Sample of wind measurements at Stuttgart 
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Figure 6: Sample of wind measurements at Stuttgart 51 



Measurements at Duisburg 1994 
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Figure 7: Sample of wind measurements at Duisburg 
(Stadium with high stands at the home straighl and lower stands opposite) 
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52 Figure 8: Sample of wind measurements at Freiburg (stadium with low stands) 
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135" 
- 1.53 
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Figure 9: Wind directions and wind forces measured by laminar streamline devices 
(tubes 1 to 8) and the real wind directions and forces 

The fact thai thc rules demand wind inca- straight, proves that it is assumed Ihat the 
suremenl in long and iriple jump compcli- wind elfects the athlete at every other place 
tions, even if they take place on the back in the stadium. However, if that is the case, it 53 



is hardly understandable whv no wind mea­
surement is taken in the relays and in the 
4n0m run or in the javelin and discus throw 
especially as, in the Iwo latter e\enls. posilive 
wind effects have been known for a very long 
time. 

This should be enough to say about 
condilions which can be shown in an exact 
and reproducible wav by using repealed mea­
surements. 

It is difficult and expensive to develop a 
model of an athlete, in such a way thai all 
movements during a stride cycle can be real­
istically simulated and computed in a wind 
lunnel. using different angles of allitude. so 
that a balance of results can be obtained. A 
first test using a model in the wind lunnel at 
lhe Universiiy of Bochum gives reason lo 
assume that, in the case of a tail wind of 
2m/sec, the aerodynamic drag is reduced by 
aboul 4 N. as compared to a windless situa­
tion. Whether the athlete physically perceives 
Ihese 4ÜÜ g can be computed. However, it is 
not possible to compute the psychological 
effecl of the wind on the sprinter. For in­
stance, during the Duisburg meeting, a triple 
jumper was allowed lo have a look at the 
ongoing measurement and was assured that 
lhe head wind, which he fell to be very dis­
turbing, existed only during Ihe starl ing 
phase and dispersed in the area of the take­
off board or even lurned inlo a tail wind. This 
was only partly accepted by the iriple jumper, 
who still maintained that he was hindered by 
the head vvind which was "•programmed into 
his head". 

In conclusion, some remarks should be 
made on the measurement devices. Indisput­
ably, the lime has come to break wilh the 
mass-containing impeller (or rotor) devices, 
because ultrasound technology has made the 
building of mass-free devices possible, 
allhough these devices will be somewhat 
more expensive than the traditional impeller 
devices. However, ultrasound devices can be 
useful only if they are capable of measuring 
in three dimensions, so ihat Ihe real wind 
condition and the very complex swirls can be 
measured. It is imporlant to realize that the 
athletes arc submilled to these swirls lo a 
much greaier extent than lo the air move­
ments acting parallel to the running Irack. 

There is no gelling around lhe fact that 
measuring the wind only at one point of the 
track does nol give a valid represeniation of 
lhe wind condi l ions. However, this also 
means that much higher costs musl be 
expected because exact wind readings will 
only be possible if several wind gauges are 
used at Ihe same time. Presumably this will 
lead lo a decrease ralher than an increase in 
lhe number of non-recognized performances. 

(Editors' note: Research for this studv was 
done J'or an lAF and DLV -German Athletics 
A.s.sociaiion- project on wind measurement. 
When the project is completed. NS.A will 
give a summary report on the restdls.) 

[FS] 
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