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INVESTIGATIONS DIVISION TECHNICAL NOTE No. 17

ASSESSNINT OF ATC WIND REPORTS = CASE STUDIES AT HEATHROW
(by M.J.0. Dutton)

1« Introduction

On six occasions during summer 1979 comparisons were made, for 50 flishts,
between the wind supplied bv Heathrow Air Traffic Control (ATC) o pilots shortly
before take=off and landing and the wind (at the anemometer) at the time of
take=off ar landing., For each veriod selected for study the distributions of
these differences, or errors, are presented in this note, together with, for
comparison, the distributions that would have resulted if the wind report had
been the latest automatically computed 30=second, 1=minute or 2~minute averare,
2. The date

21 ATC Voice cassettec For each case study the following basic arrival/

departure informetion was extracted irom the cassettes (for 50 flights):-

(i) aircraft call=sign

(ii) Final wind passed by ATC

(iii) Time (hr/min/sec) final.wind passed

(iv) Time (nr/min/sec) aireraft declared *zirborne' or 'landed®,

It was assumed that the voice cassetie ¢lock was accurate to within ten seconds
and that the wind directions passed by ATC were in degrees masgnetic S~ gerrees
true + 70). In all -the case studies, winds from the NE=site anemometer were
used by ATC, (On each occasion, this was obvious from an initial cursory
comparison of ATC winds with the wind information recorded at the Ni=site and
SWesite), Data from the NE=-site was therefore used for the 30=sec, T=nin and
Z=min averages,

Some difficulty arises in attempting to fix the precise time of touch=down
or lift=off; it appears that touch=down or lift=off occurs some (variable) time
before ATC actually declare 'landed! or 'airborne'!, For the purposes of the
case studies looked at in this ncte, touch=down (lift—off) was assumed to have
occurred 15 seconds before ATC declared 'landed' (Yairborne'); it is worth :
noting however that the results of the éomparisons described in section 4 remain
substantially unchanged if a deléy time of 30 seconds is used insteacd of 15
seconds.

If, ac occasionally happened, the rilot declared 'rolling?! immediately
after receiving the final wind report, take=—off time was assumed to ve 30
seconds later, here again, a value of 45 seconds rather than 30 seconds does

not materially affect the results.



2,2 DALE wind information Two Digital Anemosraph Lossins Eguipment (DALE) units

continuously losred 30=second averages of surface wind ai both Heathrow anemometer
sites. For each arrival/departure logeed from the voice-cassette data, the
appropriate 30=second, 1=min and 2-min winds were extracted/computed from the
NE-site DALE records. The timing associated with these records was known to
be within ten seconds of GMT,
3. The Analvsis

In each of the six case studies, the following ("forecast!) winds for fifty

flights were each compared with the relevant 30O=second wind* centred on the tire
of touch=down or lift-off (Yactual' wind)s:-
(1)  Final ATC wind
(13)  2-min wind *forecast! winds
(iii) 1=min wind
(iv) 30=second wind
The first part of the computer program output for each case study (Tables

1a, 22,y ecccee 6a) contains a list of the 50 a.rrivals/departures sampled, This
included - ‘
(1) Date = (vear/month/day) .
(1) Time (GHT) = time of touch=down or 1lift-off (hou.‘r/min/sec)
(iii) Lar = time lag beiween supply of final wind and touch=down or lifteoff
(min/sec) :
(iv) ATC wind = wind direction corrected to degrees true (degrees/I:nots)
(v) 2=min wind
(vi) A-min wind

(vii) 30=second wind
(viii) fActual? wind = 30=sec wind centred on time of touch=down or lift=off

time average of wira up to time final ATC wind

: passed (degrees/knots) ;

(degrees/knots)
The computer program computes the following for each takewoff and landingie
(i) Magnitude of the vector error in Yforecast'! wind (*forecast! minus

tactual'),
(ii) along=runway component 'forecast! error (gositive values indicate an
overforecast headwind). :
(i.ii) across=runway component Yforecast® error (positive values indicate an
overforecast left crosswigg_) :
The mean vector error and its standard (vector) deviation are also computed, and

the second part of the program output (Ta.blles 1by 2by eceesce éb) contain these
basic statistics together with the frequency distributims of vector error
magnitudes (in ranges O t0 1, 1 0 2, eeecssses 19 to 20, > 20 kt), and of
along=runway comporznt errors (in ranges { =10, =10 t0 =9, eseese8 to 9, 9 to 10,

* Typically a 30-second wind average at a fixed point wuld affect an aircraft
flying into the wind direction for about 5 seconds,

ey




> 10 kt), In aidition the vector mean wind and its standard vector deviation,
the mean wind speed, mean b=l and N=S components and their standard deviations
are all computed for the period covered by the 50=f1light samnle,
4e Results :
4.1 Case studv 13 0700 = 0816 GIT, 25/6/79 (Tables 1a, 1b)

This period was selected for an initial 'pilot' study.e The resulis are not
particularly interesiing since the wind remainéi relatiwe ly lisht ani steadr
throushout the period (mean wind 200/8 kt, standard vector deviation 2,2 kt):
the 50 flights sampled used runways 28L (10 arrivals) and 28R (20 departures),
There was onlv one vector error srewter than 5 kt (ATC wind for fli-ht no. 20).
However, it is perhaps interestine to note that the mean vector error in the
ATC wind (2.8 kt) is double that of the 2=min wind (1.4 kt)s The suverior
performance of the 30=sec, 1=min and 2-min averases is obvious, althoush on
this particular occasion the vast majorityv of errors were almost certainly tnn
small te be of any conseguences A particular feature of lhe winds passed by
ATC was that the wind speed was almost exclusivelv given as ™10 ki" throurhout
the veriods : A ' |
4.2 Case studv 2:. 1200 = 1252 GMT 9/8/79 {Tables 2a, 2b)

This period was one of strones and gustyv westenorth=westerly winds (mean

wind 290/23 kt, standard vector deviation 3.9 kt) and a number of large errors
were anticipated; the DALE 30=second wind series during the period is shown

in Figure 1, The 50 flights sampled used runways 28L (25 arrivals) and 28R

(25 departures). Again the supveriority of the time—averaged winds (2—min,
{=min, 30=cec) is obvious. Half (25) of the ATC reports contained vector errors
in excess of 5 kt, 3 of these being in excess of 10 ki (flight nose 9, 33, 35).
The number of vector errors ) 5 kt is halved bv usins a time average, and the
errors » 10 kt are eliminated, Lookine at the ATC errors in along=mmway
component, 12 are outside +5 kt (2 of which are greater thar 10 kt) and all of

these involve overforecasts of the strength of the headwind component., This

figure (12) reduces to 7 for the 2-min wind, A for the 1=min wind and 5 for the 30=sec

wind, The error distributions for the across=runway component also militate
strongly in favour of the use of a standard time averate: 9 ATC errors outside
35 kt compare with only one for the time-nveraged windse
4.3 Case studv 3: 1100 = 1150 GMT 14/8/79 (Tables 3a, 3b)

This way a period of strong and gusty south=south-westerly winds, givins

a substantial cross—runway component to movements on runways 28L and 28R (meén
wind 220/23 kt, standard vector deviation 4.6 kt); the DALE 30-second wind series
during the period is showm in Fig 2, The sahnle.includes 25 landings on runway
28L and 25 take=offs from 28R, Particularly disturbing here is the high number



(9) of ATC vector wind errors in excess of 10 kt, The flight numbers involved
(2, 20,502, 25, 31, 35, 43, 47, 50) were all landinzs 5y except one (no 23), The
use of & 2=-min or 1-min avera~e eliminates all of these large errors, while
the use of a2 30=sec average reduces the number to one, The use of a 2-min
average minimises the number of along=runway component errors outside +5 kt,
while the 30=sec, 71=min and 2=-min winds all verform similarly in substantially
reducines the number of across=runway component errors in the ATC wind,

4.4 Case stujv 4: 0830 = 1020 GMT 26/11/79 (Tables 4a, 4b)

The mean wind on this occasion was 230/17 kt (standard vector deviation
3.6 nt) at the NE=site and the resulis are broadly similar to those in case
studies 2 and 3, The sample of 50 flights is made up exclusively of arrivals
on runway 23 (oriented 222 deg True). A total of 20 ATC vector errors in
excess of 5kt is reduced to, respectively, 8, 7 and 11 with the use of 2-min,
1=min and 30=-sec averages. The substantial positive bias in the ATC along-

rmway error component (ie headwind systematically overforecast) is largely

+due to the Controller{s systematic tendency during this period to overforecast

the wind gspeed by about 3kt on average, - (This tendency was also evident, to
a lesser degree, in case study 2). Of thé time=averaged winds, the fi=min and
2=min values show equal merit, both performing marginally better than the 0=
second average, _ :

4.5 Case studv 5: 1000 = 1150 GMT 5/12/79 (Tables 5a, 5b)

This was another occasion of moderéte/strong south=south=westerly winds
(mean wind 220/18 kt, standard vector deviation 3.0 kt),and, azain, the sample
is made up of 50 landinegs on runway 23, The results resemble those in case
study 4., A total of 25 ATC vector errors in éxcess of 5.kt (one of which,
for flight no 4, exceeds 10 ki) reduces to, respectively, 4, 4 and 2 with the
use of 2=min, ?=min and 30=sec averages, There is, again, an appreciable

positive bias in the ATC along=runway error component, due to systematic
overforecasting of the wind speed, by about 4 kt on average on this occasion
(mean ATCesupplied wind was 220/22 kt)e In this case study the performances
of the 2-min, 1=min and 30=sec averages do not differ significantly.

4.6 Case studv 63 1900 = 2055 GMT 9/12/79 (Tables 6a, 6b)

This case study covercd a period of moderate/strong south=south=westerly

to westerly winds (mean wind 230/18 kt, standard vector deviation 10.9 kt) but,

as the large value of standard vector deviation suggests, it is.characterised

by & wide variati@n in the mean wind (direction 200 = 270 deg, speed 10 = 45 ki)

during the period as an active cold front passed through Heathrow just after
1940 GMT, (See Fig 3)e A further interesting point is that, up to about 1955
the wind at the SW-site (pecked lines in Fig 3) (iffered systematically from
that at the NE-site, the wind speed at the SW=site being about 5 kit lighter on
average and the wind direction being a2bout 10 degrees veered relative to the
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NE-site wind. Note, in particular, that the brief veriod of very stronz winds
(35 - 45 kt, maximum gust 55 kt) at the NE=site between 1942 and 1945 was not
exverienced at the Sli=site where, incidentally, the cold front passed throurh
about 2=minutes before it reached the NE=site,

Due to problems with the quality of the voice=cassettes for this case, only

48 movements were sampled., These compriseds=

28R 28L 22
Talemo ffs 18 el 0
Landings 6 4 13

It was stated in section 2,1 that ATC used winds from the Ni=site for
all the occasions covered in this note, and this was certainly true for 41 of
the 48 movements here; but there is some doubt as to which anemometer vas used
for the 7 take—offs on rumway 28L (2034 = 2052 GHT), However this uncertainty
assumes little importance, as the winds at the two sites were very similar
(about 240/15 kt) during that period and, for computational conveniences, the
winds from the NE=site were used to derive the appropriate averaged winds,

The superior performance of the time-averaged winds here is not as conclusive
as it was in case studies 2-5. A total of 5 ATC vector errors > 10 kt reduces
to 3, 2 and nil for the 2-min, 1-min and 30-sec winds respectively. The 3
large vector errors in the 2-min wind all occurred beiween 1941 and 1945 (flight
nos. 24, 26, 27), as did the two largest Tamin yostor evrere (flight nos. 24, 27);
this highlights perhaps the only shortcoming of the (linearly) time-averaged
wind, its inability to react sufficiently rapidly to very abrupt changes in the
wind (the longer the averaging time, the slower the response). This problem
can, however, be largely overcome by adopting a time-average which is weighted
progressively more heavily towards the most recent past, rather than one which,
as in these case studies, gives equal weight to all the winds within the

‘averaging time (e.g. the 2-min average iSs calculated by giving equal weight to
each of the constituent 30-sec averages).

It is interesting to note that flight no. 26 (landing on.23 at 1943:33)
was passed a wind of 220/55 (equivalent to the maximum gust recorded) at
1942:36, this being updaféd 18 seconds later (39 seconds before touchdown) to
220/40; the 'actual' wind turned out to be 225/42.5, so that for this
particular aircraft the ATC wind proved to be more accurate than any of the

time-averaged values.,

The effects of the large wind variations between 1940 and 1945 GMT did
not go unnoticed by pilots: flight no. 25 (take—off on 28R at 1941:43) reported
"puffet at 800 feet" while flight no. 26 (mentioned above), landing two minutes
later on 23},reported "severe turbulence at 200 feet". - Between 1942 and 1946,
much of_the RT exchanges were with flight no. 29 (departure) who was not happy

-~ 5 -




about using 28R with winds of 220/50 (he declavied his crosswind limit as

25 kt)s Asked if he could wait for a gap between landings on 23, he said he
would "rather nave a gap in the wind". This is indicative of a poor understanding
of wind variability and the limitationé of ATC wind reports, especially in such
turbulent conditions, Eventually declaring that he would accept a wind of
220/44 on 28R (giving a crosswind of 37 kt!), he hesitated between 23 and 28R, but
as the wind veered to 260, was gquite happy and went off en 28R (at 1949:08).

An incident involving flight no. 7 (landiﬁg on 23 at 1912:59) who dropped his
brakingz parachute on the runway, forced the following aircraft to overs:.oot
when on short finals; the affected aircraft (flight noc. 15) landed on 28L at
1927.34, nearly 15 minutes later.

Se Concludins remarks

Case studies 2 to 6 all involved moderate/strong wind situations which occur
infrequently at Heathrow (mean wind ) 20 kt about 1.5 per cent of the time),
but these are just the situations in which many large errors in wind reports
to pilots occur, due simply to the large time-variability of the surface wind
in such conditions. Table 7 contains summarised information for case studies
2-6 combined (total of 248 movements sampled) and the figuz.'es speak for
themselves, Overall,it is difficult o choose between the 2-min, 1-min and
30-sec averages, .

Case study 1 showed that, in light and steady wind conditions, althouszh
very few errors of any consequence occur, the use of a2 time-averaged wind
leads to a significant improvement in the accuracy c¢i wind reports,

Ir conclusion, the results from this small sample strongly support the ICAQO
recomzendation (Meteorological Services for Internaiiornal Air Navigatiun,
8th Edition (1976), Annex 3, Recommendation 4.5.5) for a standard averaging

period for wind reports for take—ofI and landing; ICAQ recommend a 2-min

averaging period.
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280/3C
<B8C/30
300725
300725
280/25
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300/23
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280/30
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280/19
280/25
280/22
280/28
290/26
280/24
280/26
280/26
280/27
280/26
280/26
280/27
280/27
280/27
280/27
280722
280/23
290/25
290/23
280/22
290726
290/25

1-MIN

4 \  x
O=SEC

P (1//:""
300/16
20C/ 20
300/2(C
200/18
290/21
290/ 24
290/26
290/ 29
300/2%
290/ 26
290/ 26
300/19
aoG/19
290/1¢
290/23
290/19
280/25
290/23
280/24
280/ 24
280/25
280/22
300722
300/22
260/19
290/20
28C/ 17
280/21
2S50/26
280/23
280/28
290/24
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791205
791205
7212C5
791205
791205
7912C5
791205
791205
791205
791205
791205

7191205

791205

DATE

T IME

1602617
YO0 56 14
10064l
1'(‘(, Ue 1.‘
100%e.25
1011, 1
101158
01357
1017.01
102G 72
102111
1022.37
1024.42
102T7.27
103C. 16
1032.39
1034.432
103715
1040.00
1041, 10
1043.55
1047.3¢E
1050,37
1052.04
J0=3:33
1054, 40
1058.02
3 A0 Y 2T
1103.CC
1106435
1108.19
1111.10G
331332
1116.21
1118.10
3120, 52
1122.48
3325437
13126,33
1129.52
1131,.52
1133.46
113527
1137.10
1138.33
1140.37
1144,.37
1147.3%5
1149.23

TIME

LA

1.0C
S 0
Oe 3¢
Qeir.
';»'o:‘J“
0. 3¢€
le2b
Qead
1405
Il 2
0.31
Ce39
1.09
le4&(
Zisd &
1,59
1«28
1.58

[ S
*

0. 36
128
2ol
Y& 59
Ce&l
0.50
Ge30
lels
Uel4
0.53
De& b
153
1.22
1.25
l1.51
1«53
1,03
200
i.18
210
.30
2607
1.14
1517
Ue48
1.06
Ue.35
l.42
le29
l.36
l.11

LAG

ATC

P TV G
<2072 D
Vil 1y b £
l‘?\/t.‘.'
Yl O e
220 /2°¢
21O/ ED
c0/eH
2ul /20
220720
22025
230/25
21 0/25
23G/2C
210/25
210/22
220/18b
c2C/18
220/2¢
220/18
220/24
250/2C
22G/25
220/18
220/1%
220/ 22
200/1¢t
210/23
220/22
21C/20
21G/20
220G/22
210/20
210/2¢
220/25
e30/¢0
210722
220720
230/23
220/22
210/20
2301422
230/20
230722
220/25
22C /20
230/25
230/2¢
230/20
220/20

ATC

216G/ ek
22 Ol a8
2206/ &3
22U/ 1
e lU/19
‘:2\‘/l (.
20/ &0
220/19
22C/21
222G/ 18
22C/ 11
£2G/18
210/18
220/ 0
220/ 20
22U/ 16
20/ 16
220/ 17
220/18
220/ 19
220717
£2C/LiB
22C/ ]
<20/ 16
22G/1¢
22U/ 14
22G/15
<20/ 14
210/ 18
210/ 17
21C/18
22G/1¢8
220/15
22C/17
22C/18
22C/ 186
220717
220G/ 17
220716
22u/ 19
2102419
220/16
22G/17
220/1%
22C/16
220/17
£20/16
22G/16
220717
220716

<=MIN

I=MIN

2 YG/L25
ci1lUf b
PP O AV
c 10/ 41
«10/2 ¢
22C/719
220C/1i9
250759
c2C/20
220719
<1C/17
220/17
<10/19
2¢0/19
220/2G
220/1¢
220/17
220/18
c20/1¢&
220/18
210/16
22G/17
220/2¢
c2G/1e
22G0/1¢
c2U/14
«20/14
¢2C/14
210717
21G/16
220/1¢
210/106
220/15
210/16
220717
22C/17
220/15
22G/16
220/171
210/19
210/19
220/15
220/15
220/14
e20/16
22G/1¢
2Z0/17
220/17%
220/16
230/17

1-MIN

30 =S Bl

z LG/ 24
ZYOL5E
220/ %2
210/ 1S
2X0/ 2 X
230/ 8
230/1b
220/1¢6
PAV4SY B
220/ 16
210710
Z2C/ 106
220/18
220/19
220/ 10
220/177
220717
23C/19
<20/1¢
22C/ 16
21C/ 1tk
220/17
220/21
22C/ 16
220/16
<10/ i4
220/153
22C/15%
21C/19
21C/16
220C/1b
22C/1¢6
220G/ 18
21C/16¢6
22C/17
210718
220714
22G/15%
22C/ 1tk
21C/1¢9
21G/17
22C/17
220/15%
220G/14
220G/ 15
230/ 14
220716
220/
220/18
230/17

30-SEC

felel/ctecs
L g\ Ko Lx Die &
Y90/ 2 ec
s § LNl

21%e U/ LY o

Vo

ceVall/1Yel
ccUeU/1U G
21T20/16eS
2i8.0/1cel
215.0/15e4
22Gel/2Uel
21540/1%e <
Zltel/cl o
21%.0/241.C
221.U/) 1.1
216eG/156C
214.,0/1i6.%
£2CeU/1LTeY
2e3e0/2Ca U
223.0/11s0
2XT50/2F %
222.U/1Y 2
Zetle0O/2Ua @
220.6/15.8
tcee0/12.4
22207199
c1%.0/14.1
21U.0/16.4
213.0/19.u
£12s0/15.7
211.0/1G.6
217.(//1(—».)
211.0/1ve4
Zlb.C‘/ZC.l
22Te0/1661
215.0/18.2
Le4e0/1Ta2
c2b5.0/15.6
21C.U/1i8.6
215%.0/20.5
Z218.0/15.0U
id3e0/1446
221.0/14.3
216.0/16.9
220.0/186.3
216.0/15.4
213.0/17.9
222.0/14.4
230.0/17.3
<19.0/15.4

ACTUAL

L Al
L&D
LAl
LFiul
oy o\
LA
LAl
L AN
LAND
L AiRD
L A£iIND
L ANU
L aidD
L AND
Ll\.’.'u
L Fdel)
LAKLD
L aID
L AND
LARLD
L Alsi
L ANU
LAND
L ~ND
LAND
L AMD
L AisD
LAND
L AND
L AND
L &ND
L AixD
L&D
LANU
L miND
LAND
L AND
L AND
L AND
LAND
L AND
LAND
L AND
LAKND
L AND
L AND
LAND
LAlL
L AND
LAND

et



E

HEATHROW ATC WINDS = CASE STUDY £ DATE/ZTIME: OS5/12/71S 1 00!
BASIC STATISTICS OF DIFFERENCES
ATC WIND 2=MIN WIND 1-MIN WIND
MEAN DIFFERENCE 5.1 245 Zeb
S.D. OF DIFFERENCE 2.5 1.5 1.5
DISTRIBUTIONS OF WIND DIFFERENCES (OR ERROKS)
MAGNITUDE OF VECTOR LCRROR (KT)
83 22 N3 405 6 A1 8B P2 15904 1508 1]
ATC B ™6 B 3.8 #9008 402 B0 0Dl My
2-MIN BoueedT . T 2 2nL 000 00 0GRS o 0l
1-MIN DoiT B G2 20 000000 Bl D
30-SEC 55 B A6 NS 670 2 00 020 0 000D 050
ALUNG-RUNWAY WIND COMPONENT £ERROR (KT)
-10 -9 -8 -7T-6-5-4-3-2-1 €C 1 2z 3 & % o6 1
ATC D00 00 0-Q 0 0 20 &£ 885013 53
2-MIN 00 00‘1 b 1T et R W ST TR & e e T (T S ¢
1-MIN D00 022 3B S e 12 s ke L DY b
30-SEC e AT VG R o T v e RS R, (oS e L Tl ek a0 G
ACROSS—RUNWAY WIND COMPONENT ERROK (KT)
=10 =9 =B .~7 =6 =5 =4 =3 =2 =1 ‘0 ) 2 3 4 5 617
ATC L S e S D, T G e R e R R R e
2-MIN 00 0 IO 0 2 3 9 41156 2 =3 0 b0
-MINE RE G 0y 6 D0 4 6 T8 Y B8 300
30-SEC Q0000 B0 T3 5 Bdere I 10, 0
VECTOR MEAN WIND  218.7/ 18.0KT. STANDARD VECTOR DEVIATION
MEAN WIND SPEED 18.2KT.  COMPONENT MEAN

COMPONENT

SeDe 2.3KT (NS)

TAuLt 56

=1150 CMT
SU~ST C Wit
Zo ki
Le4 K1
181920
53 O I ¢ S
O 0-76...0
G- el
Qs 035057 U
8 G 10
&2
(DIt O it § e
& 8050
O 0 .U
8 910
9 ) R B ¢
D708 0 w0
(8 Sl e 1 SRV
Q- 000~ 0
3.0KT.

1.9KT (EW)



)

T e RIS,
791

TG l aTNQ
791209
191209
791209
75)1:\(‘(:
7(;1 :)f\(.
721209
191209
791209
21209
191209
791209
791209
191209
791209
791209
191209
191209
7931209
791209
791209
721209
791209
1591209
791209
1931209
72 1209

. 721209

761209

S E9 1209

791209
7912C9
721205
791209
791209
791209
791209
791209
791209
791209
791209
791209
791209

DATE

i
e L
‘( l.:'.
1(, s")\!
1( .r‘
L2400 o

1913. 4¢
1918, 29
1619, 30
1921559
1924,24
1L D 49
1926.,25
1927.34
3929429
1929.52
1932.28

1934.53

1935, 20
31936, 57
1929,.,09
193G6,14
1941,.,33
1941,.45
1943 .33
16465 ,40
1947 ,46
1949,08
1950,47
1952.01
1954,28
1955,.,51
2007.52
2008.43
2028.46
2031.05
2033.41
2025.10
2037.19
2039 515
2042 ,20
2043, 45
2045, 00
2045,.,23
2048.28
2051519
2051.28

TIME

ot

3 el
-

N b e b
DR BRI
o S o S

D U = D

P

L

VO PO DD DODO =N

QLMW D WE D2 PFPOOWMWUIONM D=
NEOY P

P
’\ ;\ "'h

A\l

R o)
N

"

O = = N b ek bt D ) ) et b et b D) ) et et D) e D e D) et bt Y bt e b
.
»
o

.
)
-

l.19
2448
1.59
l.64
l.18
l1.19
e59
l.34
1.20
l.41
043

LAG

200/2¢€
200/28
200/30
2C00/26
210/28
210/30
?(1('/; l)
200/30
200/26
210/26
200/28
210/30
220/28
22C/24
22C/40C
220/25
250/28
250/28
250/25
260Q/22
25 0/20
260/25
250/15
250715
230/20
250/22
250720
250/20
230/18
230/15
240/18
240/22
230/20C
240/1¢
230/18
24C/15
230/18

ATC

—

200/29
210728
200/25
210/ ¢6
210721
210/ 27
21C/26
210/26
210726
210/269
220/ 26
22G6/20
230/40
250/28
260/ 26
260/25
26C/ 24
270/22
26G/21
260715
260/ 14
250/18
250/13
250/16
250/ 16
250/ 14
240/ 14
250/ 14
240/ 16
240/16
240/1%
240/ 16
240/16
250/19

2=MIN

s
!

Gl 2]
QO/22
Q72
SO/ 2
GC/2z
CG/2C
Q072 =
cC/19
0G/29
20/ 28
C0/23
10722
0Q/z22
00/2¢9
Co/29
200/25%
210/25
2}0/27
210721
2O/ 2T
210/27
230725
210/25
220/30
230/25
220/36
230/41
250/28
260/25
260/24
260/25
270/22
270/22
26C/15
250/ 12
250/16
240/12
250/17
250/37
250/14
240/12
250/14
240/16
240/15
240/16
24C/15
240/15
25048

A RS R RO A e e o g

SRS I SO S N

'

1-MIN

150/ <.
A O
190 /23
196/22
<00/ 21
200/16
200/ 20
2CG/1°
200/320
210725
200/21
210/22
200/22
200/2¢&
206/29
2007 2732
210/ 26
210730
210/26
210726
210/29
200727
200/27
230/27
22320/23
220/38

240/36

250/28
260/28
260/23
260/22
260/23
270/21
26(/16
260/13
250/15
240/12
25C/19
250/1¢9
240/15
240/11
250/14
240/16
240/13
240/ 14
220/14
250/18
240/ 2C

30-SEC

TUAL
19 E. DAL
1 o0/ 14 o2
190 L2566
YO6. D2 S
£02,0/2560

198000 182
Y80S0 /L2235
Oy 042°)0
206.0/25 472
206:0/28.1
2060 /2647
201.0/28.3
2(1'500/:(?.;./
205.0/2%9.1
201.0/26.9
206,0/25+9
208.,0/26.9
206.0/30.1
208.0/24.6
2064,0/25.1
20042550
23330/222
2E3.,0/23.2
232.0/21.4
23250/21:46
225.0/42:%
243.,0/3C.4
262.0/27.6
258.0/24.7
265.0/21.9
2T4.C/21.3
213.0/72:8
26L.0/21.C
26C0.0/13.8
261.0/16.5
251.0/12.8
246.0/12.0
250.0/15.6
252.0/13.0
241.0/10.7
236.0/14.3
240.,0/16.0
238.0/14,.1
250.0/11.9
241.0/14.0
235.0/176
230.,0/17.2

N N -

230.0/17.2

ACTUAL

L ARD
T/0
L AND
T/0
T/0
L AND
T/0
/0
40
T/0
T/0
L AND
T/0
L AND
1/0
L AND
T/0
L AND
T/0
L AND
T/0
L AND
L AND
T/C
L AND
L ANU
L AND
T /0
L AND
T/6
LAND
LAND
T/0
T/0
LAND
L AND
T/0
LAND
T/0
L AND
T/0
T/0
LAND
T/0
T/0
LAND
T/0



7»"'L[ b
HEATHLOR ATC WINDS = CASE STUDY ¢ DATE/TINES CO/Z1Z/T9  1€CU-2055 GMY
BASIC STATISTICS OF DIFFERENCES
ATC WIND Z=MIN WIND 1-MIN WIND 3C=8SLC WLt
L]
MEAN - DIFFERENCE el 2.9 %7 BieZ T
- -
So’:‘o nF qI::E“F"’C". ?.1 2 et c'..“ TG, i 15 o

DISTRIBUTIONS OF WIND DIFFERENCES (OR ERRORS)

MAGNITUDE COF VECTOR ERROR (KT)

Qi Jusea . Ber o b gnadpe B QL LO Sl P31 4 53 5 16 T ] 8 1o

ATC B P00 9 .8 Gl Ba B nT ey 203 SN0 R il e AT S O a0 S e
2-MIN 6 BB T bt e A 8 Bt SR RS s 0 e ¢ T @ TR 6 S0 S e IR 0 M6 ME 1 e Tt 0 UG T ) S
1-MIN O 2025 YOG g 2 4 0 0 gl s RNE0 el o 0 B sl Gt s 90

30=-5SEC 532 61059 RS G i il Sl Sl 0 P02 0 0 O 0 R s S 0T

S e e SRR e e T S AT GaP E ) B R A T e R o et - e T

ATC 2y 8 e IR ¢ 1ol 8 Rt @ Rl 0 B Ris S o PR iR S L i e e e R e B B |
2=MIN s TN B ¢ ey o i S ¢ R ORI Mot T W ¢ SR . i U SR e e By - R T s M
1-MIN € ohare 6 20 SRR & G s SRS el UBon el ST I g - Y B eSielie SIS T 0 e i 7 [ TR T e |

30-SEC S e S ¢ IEE o Sl Sl N TR T S " S B R e W e o T e e R

ACROSS—-RUNWAY WIND COMPONENT ERROR (KT)

wlD =0 el T b e il e el el 0 Y2 R e S 6 et B s 10

ATC D000 0 0 00 1" 1 .0 % 3ATi g6 3 AR i n ]
2-MIN P00 000 & 352 3 9Ty B g 3 9w Bg g s
1-MIN Blgie. 1 0T s A h i e w8 a0 a0

* 30-SEC 0. Dl ~ 4 2002 % 4 16 R6T 10 3 5 e ERE ) el a0 00

VECTOR MEAN WIND 2271/ 1T7.9KT. STANDARD VECTOR DEVIATION 10.9KT.
MEAN WIND SPEED 20.0KT. COMPONENT MEAN =-12.2KT (NS) =13.1KT (EW)

COMPONENT S.D. 9.3KT (NS) 5.6KT (EW)




TABLE 7

Summary of errors in ATC, 2-min, l-min and 30-sec winds

for case studies 2-6 combined.

(percentages, out of a total of 248, given in parentheses)

A1C
2-min
l-min
30-sec

ATC
2-min
l-min
30-sec

ATC
2-min
l-min
30-sec

magnitude of vector error (kt)

2D

119 (48.0)
57 (23.0)
50 (20.2)
67 (27.0)

10

18 (7.3)
3 (1.2)
2 (0.8)
1 (0.4)

along-runway wind component error (kt)

<=5

13 (5.2)
15 (6.0)
16 (6.5)
15 (4.0)

>+5

58 (23.4)
11 (4.4)
13 (5.2)

18 (7.3)

across-runway wind component errur (kt)

<:'§

10 (4.0)
4 (1.6)
7 (2.8)
6 (2.4)

>+5

41 (16.5)
10 (4.0)
7 (2.8)
11 (4.4)
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