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1. Introduction

Durinzg the years 1273-76, no less than 8 airecraft
acciderts occurred round the world as a result of
low-level wind shear on finszl approach (Whitaore and
Cokeley 19738). Ovsr 200 pecple lost their lives znd
nore were injured.

In Zong Xoxng, 2 YWind Shasr Dstecticn and Prediction
Comnittee was formed in June 1976, consisting of
reorasentativaes fron the Civil iviation Zepartoent,
Royal OSservatory, IFALPA, Jong Kong iirerew Cfficers’
issociation (HKAOA)znd Czatihzy Pacific Airways . T
objectives =-f the Comaittsze include the design cf
a system to da2tect low-leval wind sheszr 2t Hong Xong
Intern=tional lirgoxrt, the standsxrdiszticn of
phraseolosy to ve used ty air traffic controllers when
passing these wind shesr wzrnicgs to pilots, and
research into the various causes of sigrificant low-

(%

level wiad she:r condivicns with = view to establislhing
prediction techniques for usza by the lirzort

Meteorologic=l Cifice of the Royal Cltservatory.

In 1877, funds were chtained from the Hong Xong
Government to purchase three ndditicnal anemoneters,
intarfacing electroric comnonents :nd a microprcocessor
unit iacluding ancillary video display terzinals,

a cartrid-e rscorder and 2 printar. 3uring 1273-79,

the =ncnoneters were installed and the soffwnre
b4

The exgerizentzl sysium was finally commissioned

on 10 Septeater 1977,



2. Low-level Wind Shear Detecticn System

The systea consists of five cup-anemometers,
one 2t each end (Southeast SE »nd Worthwest IId)
of the runway and three a2dditional ones =zt
Yau Yat Chuen (YYC), XKowloon Tsai (XLT) and
Lye .Yue Mun (IVI1), =s shown in Pigure 41, covering
the two approzcies to the =zirpecrt. Aircraft
landing from the southeast can nzke an IL3-
approach oato Runway 31 but those lznding from
the northwest nust magke 2 curvad IGS-=zpproach
onto Runway 13 (iIP Hong Kong). Table 1 shows
the heights of the 2nenomieter hezds zbove mezn
sez level z2nd the bearings of the glidepath
adjzcent to these an2mometzrs. (Hote: Feet is
used in this pzper because it is still the
coznon unit used by aviators to messure heights
and 2ltitude.)

Tzble 1. Heights of =anemomater he=ds above m.s.l.
and Sezrings cof "lldepath adjacent to
the anexnometers.

Esizht (feet) 21C 346 47 5L 239
b ) 087 187 134 134 134

LYH zu=rds the ayproacn to Runway 31. For =
stezndard scprozsch along a 3 glidepath, LYil is
about 56 seconds froam touchdown and tz2e neigat
of the gircraft there should be around 74C feet.
YYC and LT are on the curved asrroach to Runway
13. YYC is =bout 41 seconis from touchdown znd
the height of the aircraft zbove thzat point
sheould be arournd 540 feet.
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Readings from the five =2nemometers =re
telemetered back to a centrazl microprocessor unit
2t the Airport Metzorologicel Office via private
telephorne lines. This micronrocessor is an ALTLIR
MITS-8800B ani czn be programmed to compute
2-zinute meon winds for the five locaticns znd
the 31 ipprosch/13 Departurs z=nd 13 Appro=ch/

31 Departure wind slhear in knots per 100 feet of
altitude chanze. Eere, wind shesr is calculsted
using only the longitudinal wind components
beczause cur aim is to determine the "l*rting"'or
“"ginking" effect of the wind variation which
would bde caused, for exznple, by an increzsing
hezdwind (sane gs decre~sing tailwind) or a
decreasing hesdwind (same as incressing tailwind).
For the 31 ipproach/13 Departure, the wind shear
is calculated using the 2-minute mean longitudinal
winds at LYH znd SE and for the 13 ipproach/31
Departure these =t ¥W =znd YYC. The height f-~ctor

K

the heignts of the respective znemometer hezds
(see T=able 1).

The vzlue of the longitudiral wind shezr for
each end of the runway is disvlasyed on video
terminal tozesher with an zppropriszte descrip
selected from "lifting”, "sinting" or "no shear®,
When the mzgnitude of the wind saeszr equals or
exceeds a pre~deterzined value which indicates
a2 significant level, the description reads
"significent 1ifting” or hsignifijnt sinking”,
as spprogriuts, znd blinks on the video terzina
to alert the duty =ir traffic controller who then
passes a warning of lifting cr sinking wind she=r,
~s the c-se nirht Le, to aircraft landing or
taking off at the tite.



Readings of the KLT ansmometer have not been
utilised for the calculation of the loagitudinal
wind shezr data, but the microprocessor coxputes
the 2-minute mean later-l wind component and the
naxinum 1-second gust for that location in order
to provide information on the severity of lateral
winds on the curved portion of the IG3-anproach.
KLT wind re-~d-outs are also useful for tracking
tae noverent of gust-fronts as shown by Chen
and Lee (12973).

The =anemometa2>s do not messure the vertic-l
component of the wind. Hence, the system does
not monitor vertical z2ir motions like downdr-fts
or updrzfts in the vicinity of sjuzlly showers
or thunierstorms. There is only linited guality
control in the system. When there is no
anenomater signa2l received, the micronrocessor
displzays "Jat= dot .ivailsble" on tae video
terminzl, but the system will comntinue to operate
as long =s transzissions zre present even though
they could e erroneous as a result of anemoneter
sensor leficisncies or interfersnce in the
telemetry precess.



3. Varning Critarion

To enhance flizht safety duringz landings and
take-offs, pilots npust be warned of significant
low-=level wind shear conditions so that the
anspropriate corrective action can be talen in tine.

What constitutes a suitadle wazrning criterion
has been discussed in detz2il during and followin
the ICAC 3th Air Havigation Confereace in 1974.
ICiA0 (1974z, 1274b) hazs recomnernded that wind
variations exceeding the lizits specified for
the certiflication »f zutomatic landing systexm
(such as autopilots) should be nmeansured znd reported
to pilots. (In the U.X. 2nd U.3.i., wind zodels
used for the certificaticn of autozmztic landing
systexs zrz hased on the boundaory leyer shears
znd the zesxinmun zccestable wind shesr stecified
has been about 8 %ncts per 100 feet.) Until this
objective is fully =et, I0:0 (1274=, 1S74b) has
t datz on vexrticsl wind
shear ejuivalext te vector differences of 10
stould be sassed to

LY
Tt

furthsr ra2comzended tho

knots or more per 10C feet

v

ircr=ft for =211 C=ztezory I oneritions.

Noting the r=commendations given by ICAC, the
Hong Kong Wind Shzar Detection znd
Comnittee =greed that initially in the experimental
systzm, the warping critericon to b2 nsed should bde
8 knots per 12D feet. Such =z criterion for
significant low-level wind sheor could be revised

Prediction

if neceszary in the light of experience g-ined.

The anenometer heads a2t LYM and YYC zre not
exactly orn the zlidenath decause they would otherwise



pose obstructions to aviation. The wind shear
calculated based on the anemometer re-dings
therefore may not be the szme as that experienced
by the aircraft. In order to assess bow re=alistic
the computed value is as a measure of the wind
shear along the glidepazth, aircraft wind read-
outs at 500 feet in the vieinity of the YYC
anenometar during siznificsnt wind shear conditicns
in 1978-79 have been collected. Although there
were only six ccczsions, comaputations saowed

that on the average, the longitudinal wind she=zr
as measured by the system (using 2-mirute mean
vinds) exceeded the actual vzlue (using
instan%znecus 2irerz=ft winds) by just 0.2 knots
per 100 feet. This result is indeed very
encoursging.

In a2nother indesendent study utilising AIDS
(Aircraft Integrated Data System)-data supplied
by SWISSAIR 2C-10s landirg in Hong Xong during
August 1973 to March 1$79, it was found that the
longitudinsl component of wind measured at YYC
(denoted by x in knots) is related to th=t
experienced by the =2ircr=It on the glidepath over
YYC (d2no%sd by 7 in knots) according to the
following formula:

¥y = 1.01x + 3.97 Q)
(Correlation coefficient 0.75, nuxzber of cases 135)
Bguation {1, siucws that 7 is zpurcximatzsly equal
to x. Thuz, 235 the heizght 2f trhe ~nemometer head
is less than that of the glidepath, the wind shear
as calculatad Yy the srstem in knots ner 1C0O fest
should therefore tend to over-ra2-d under normzl
cond.itions, but fortunately it is on the szfe side.



4, Causes for Low-level Yind She=r

In Hong Xong Aeronautical Informztion Circular
(AaIC) 7/75, pilots were reguested to provide verbal
resorts of low-level wind shear and/or turbulence
of any intensity to Air Traffic Control whenever
tiese conditions were encounterad. In AIC 13/76,
pilots of aircraft equipped with INS or R
favigztional Zzuipment were further asked to give
after each approach Computer Display Unit wind
read-outs 2t 10CO, 800, 6CO and 400 feet levels.
As 2 result, Quring the period from Septexher 1276
to March 1373, a3 total of 460 aircraft recorts were
receivsad which indicsted the sxistencs of low=level
wind shezr and/or turbulence over Hong Kong iirport.
About half of these occasions were covered with
detziled low-level aircraft wind data.

Bas2d on these pilots' reports, it is found
that wind shezr (irrsspective of intensities) czan
occur in any month of the yezr. Cn tu2 average,
the frequency of occurrence is =zbout 5 days rper
nonth. However, if one considers only siznificsnt
vind shezr of 3 imots or nore per 120 feet as
detected by the. znemczetar system, for the
13 Apzroach/34 Dazarture, thare were =zctually just
5 days in the 12 months of 1973.

Causes for low-level wind shear have been
discussed in detail by Greene ot s1. (1277).
Table 2 shows the various conditions undar which
wind shear wa2s generated over Hong Kong Airvort
in 1977-78 together with their percentage freguencies.



Pable 2. Various causes for low~level wind shear
at Hong Kong Airport during 1977-78 and
their zercentage frequencies.

13 Aporoich/31 Departure 31 jvnroszch/13 Desartu

Cold fronts 7?7 % 12 %

Troughs of low 9 31
pressure

Tropiczl cyclones 29 20

Monscons 40 21

Others 17 16

It can be seen from Tzble 2 that for 13 Approzch/
31 Departure, there is a very high fregquency of wind
shear caused by Northezst or Southwest Moansoon. This
situztion is, moze aften than noct, the result of the
sharp turn in the IGS-zpproach/climb-out pnase. Thus,
noting thzt tha Sz2aring cf the glidepath over IIC is
087° and that over k¥ 134° (see Table 1), for a
unifcrm wind (zssuming no verticzl or horizontal wind
shear over the zrez) of speed I in nots and zzimuth
© in degrees, 2 longitudinzl wind difference would be
created across the NWazand ¥YC anexometers equa2l to
Icos(134~8) ~ Icos(27-8). As we have set 8 Imots per
1C0 feet =zs tae warning criterion, the system would
therefore c:-11 for alert as soon as the following
condition is met:

I1cos(132-8) -~ Icos(827-8) = 8 x 1.63 = 13.04 (2)
(1.63 being the height difference in units of 100 feet)
In Tadle 3 where the relaticn betuween I =nd & is
tabulzted, it is obvious thet 2 uniform Ncrth-northeasterliy
flow (0%0°) or South-southw sterly (210°) of only
17 knots would =z2lre=dy be strong enough to trigger off
an alsrm of siznificant longitadinal wind shear
for 31 Departure and 13 approach ressectively.
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Table 3. Relationship between I and 9 in Equation (2).

Wind direction 2 Yind sveed T ¥ind She-r Effect
350 dexzrees 17.5 knots Sinking
030 16.6 Sinking
050 21.2 Sinking
030 45,7 Sinking
120 99.1 Lifting
150 25.7 Lifting
130 17.5 Lifting
210 16.6 Lifting
240 21.2 Lifting
270 46,7 Lifting
300 99.1 Sinking
%30 25.7 Sinking

In order to unierstand more z2bout the various
causes for generating significant low=level wind
shesr at Hong Kong Airport, the available aircraft
wind rezd-outs have been analrysed znd =11 occasions
in which the wind. shezr batween twWo adiacernt levels
was 8 knots or more per 100 fest hzve been taken out.
Table & lists 211 the 2C situstions in vhich
significant wind shear wzs encountersd. Figure 2
shows the a2sssciated weather patterns.
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Figure 2. Weather patterns for significant low-level wind
shear situations given in Table 4. ( HKT = GMT +8 )
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5. Future Developmen

although the experimentazl low-level wind shear
detection system at Hong Xong International Airport -
has been coomissioned, 3 lot of developmental
workx has still to be coaplested. First, a verificztion
progra:ime based on pilots' feedoack has to be
initisted to extz2mine the effectiveness of the
resent warning system. If necessary, the warning
ritexrion of 8 knots per 100 feet could re revised
in the light of experience gained. Secondly, the
on-going resezrch into the various causes for
generzting significznt low-level wind shezr will
be continued with 2 view to establishing imnroved
prediction methods for use by aviation foracasters
in the future,

o
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