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In-rcduc=icn

The design of safe and comfortabls suzidings
against mehec’ologlcal ex=remes is clearly a ccllaborative
undertaking involving bozh engLnaerlng knowledge andéd dstailed
metecrological informaticn. Amcng the varicus meteorological
parameters, strong or gusty winds can De exzrezsly destructive
and certainly merit the zztenticn of this ssexzizarc.

The effects 0Z wind cn buildings 2zl Desn assessed
in various studiss in Heng Xong fLun (1870}, Mackey (12707,
Chen (1973), Chci (1983)). The rasults ars incorporatsd
ia=o *ha "Code cf Pracg=ics cn Wind EBffeczs”" zroczuilcated D
~he Building Developmenz Zecarztment of the
The Ccde which was updazed in 1633, partic 1
a determined peaX gust valccity with a raturn pariod of 50
vears to derive the design wind gressure, thsz Iorces cn
complace buildings ané bullding slemanis as wsll as The
dvnamic effects and stadbility oI a building.

This paper atIexpts to lcok at the darivation of
+his =hrashold of wind. OCifferant values ¢ thils threshold
can be arriveéd at using ¢ifferent statiscticai methedss The
variaticn of winds in Heng Xeonc is also assassed through time
and space in this paper.

Zigher Winds in Hecng Kenc

Monsocn winés éeminate duriag a large part ¢l the
vear in Hong Kong. In ganeral there are Iour fairlyv well-
marked s=2ascns of unequal duratzions. A ccld &ry winter Wit
continental nor+th o ncriheast mcnsoon lasts Ircm November
o Februarv. A damp and mistv spring with spurts cf sast to
northeasterly monsocn is =ainly cenfinad to March and April.
A hot and wet summer from May =c mid-September has a nearly
constan:t temperature ané cn average about six trepical
cvclones that necessitat e heisting cf warning signals
in Hong XKong. The snhecrt umn Zrom mid-Septszmbder to the
ceginning of November 1is asanzlv clesar and cry. Thesea
are alsc the months wizth lv surges cI ccntinental ailr

£rcm China.

The meonthlv distributica of the meIs cestructive
hricher winds, or gals fcrce winds cf 17.5 ms - cr over, 1s
sacwn in Tabla 1. Nearlwv 83% cf the gale fcrce or abeve
zean hourly winds at Waglan Island cccur during tie months
f-om June to October. Ths majority of these zr2 due to
tropical cyclcnes, although it can also been s2en taat the
menths of September and Ccichber are alsc af:e::eﬁ by a
notable propcrtion of wizdy monsocn occasions. In fact, the
Ton=hs of Serm=embar a2nd CTcgichber REvee ~he ticmssT propertion
or nearly 50% of gale Zfcrcs winds in the vear. In the year
as a whcle, about 84% cf czl=2 Zcrcs winds are associated



with tropical cyclones, 15% with monsoon winds and the rest,
or 1%, due to other weather systems which include squally
thunderstorms, downbursts, or other phenomena of a more
transient nature.

Estimating Extreme Values cf Wind in Hong Kong

(a)

(b)

Concept of a mean recurrence period

The proper statistical description of rare events

in meteorologv depenés on the use of extreme

value analysis. The dascription of rare events 1s
usually expressed in terms of the magnitude of a stated
meteorological event that is likely to occur with a
given probability in a given year. For example, a mean
recurrence perioé of once in 50 years has been widely
adopted for wind lcading codes, e.g. in Hong Kong,
United Kingdom, e<c. There is a probability in any one
vear of 1 in 50 of these design values being exceaded,
or, over a perlod of 50 years there is a probability

of 0.64 that it will be exceeded at least once. There
is also a probability of 0.36 that it will not be
exceeded even once every 50 vears. Table 2 gives the
probability of tzz number of years in a 50-year and a
20-year period in wnich the S0-year mean recurrence
event will be exceeded.

s

In the 1983 Hong Xong Code, the estimated 50-year return
period gust velocity for Waglan Island is chosen as a
basis for estimating wind loading in Hong Kong. Some

recently used values of mean occurrence period for various

aspects of meteorclogical locading designs used in other
countries are given in Table 3.

Statistical technicues for estimating extreme values

As the wind speed varies from month to month depending
on the meteorolcgical regime, a set of monthly maxima
from different months in a period of years does not
form a consistent szeries for the purpcses of extreme
value analvsis. The annual maxima is thus used. The
distribution functien destr¢b1qg the annual maxima of
wind is, however, :::a;ly not the ncrmal distribution
(Page (1976)).

Different distribuzicn functicns have been used tc¢
calculate extreme values on an appropriate statistical
basis. In Hong Kcng Chen (1873) and Lun (1970) have
applied the Gumbel cistributicn setisfacterily. In
the USA and USSR, the Frechet extreme value distribu-
tion provides a reasonable basis for obtaining design
loads for winé. 2Application of the Type III extreme,
or Weibull distributiern to the winds in Hong Kong is
also made in this caper.



Gumbel

The Gumbel distribution of maxima (or minima)
is given by the functional equation.

n

&

/

{x) = P (anx + bn) e eee (1)

where x is the random variable

an and bn are parameters

n is the riumber of events in X samples
Assuming an unbounded distribution which is expotential
as X increases
P (x) = exp [~exp - al(x - 3 )] cee. (2)
where P (x) is the cumulative probability
¢ is the dispersion and

B is the mode.

Weibull

The Weibull distribution was shown by Stewart
and Essenwanger (1978) to be a flexilkle distribution
for describing wind speeds. It had aisc been used for
various studies in wind energy (Justus et al (1976)
and Hennessey (1977)).

The density function takes the form

X - C a

P (x) = 1 - exp [- (—-3—_—-:,—) 1 oo (3)
where ¢ 1is the shape parameter
Y the location parameter

and 8 - ¥ the scale parameter.

The 3 parameters ¢ , 3 and Y are astimated by the
method of moments from computer programs given in
Kite (1977).

(c) Comparison of results using different statistical
techniques

Waglan Island's annual maximum hourly and gust speeds
(1953-85) fitted to the Gumbel and Weibull probability
distributions are shown in Figures 1 and 2 respectively.
It can be seen from the graphs that either distribution
fits the annual extreme values reasonably well. Apply~
ing the Xclmogorov-Smirnoff test for goodness of fit

to the 33 observations for either distribution yielded
acceptable P values of less than 0.23.



The 50-year return period estimation of maximum hourly
and gust speeds at Waglan Island for both the Gumbel
and Weibull distributions are tabulated in Table 4.
The previous results of Chen (1575) and Lun (1970)

are also shown for comparison.

Even though both Gumbel and Weibull distributions yielded
reasonably good fit for the Waglan wind extreme values,

it can be seen from Table 4 <hat appreciably different
values can be obtained for the S0~year return period.
There are several pcssible reasons: the different

density functions place emphasis on different values

of the samples; the us2 ol Zifferent data periods;
different basic data trea:tment and also possibly different
curve fitting technigues used by different authers.
Differences in the estimated 50-year speed values are
particularly large for the hourly means compared to_the
gust speed. In the 1983 Code, the value of 70.5 ms -

is used as the determined peak gust velocity to

derive the wind pressure (gq) from the dynamic wind
pressure equation (see Chapter 3 in Choi (1983)). It -1
is of interest to ncte tha% this chosen value of 70.5 ms
falls in the middls ranges of the various estimates

for gusts in Table 4.

4. Vairation of Winds in Hong Xong

{a) Observations of surfacs winds

A network of 23 stations over the territory provide

on a regular basis observations of wind to the Royal
Observatory. Four of these stations are manned round-
the-clock by Observatory personnel, five are automatic
stations and the rast have been set up in co-operation
either with other government departments or private
concerns. Waglan Islznd is usually regarded as the

most ideally expocsed and unobstructed site. Wind
records from this station is usually taken as a standard
for comparison. A map shcwing locations of these

(b) Topography

Because of the ruggec and hilly land, observed surface
winds vary widely with location. Even at the same
location, winds can be sheltered from one direction
but well exposed to ano

point depend on the win
possible to just use
Waglan Island and then
between winds experience

cdirection. It is therefore no:
s observed at the well-exposed
ive a one-to-one relationship
t different locations in
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(b)

Hong Kong. On one occasion, winds experienced at
one station may be higher than the other, but on
another, they may be lower.

Due to obstacles and topography, wind speeds recorded
at certain stations depend very much on the wind
direction. For instance, the Star Ferry station is
relatively sheltered by high buildings from northerly
winds but has a good exposure to =sasterly ones.

highest mean winds and the Royal Observatory, one of
the lowest. Tate's Cairn and Cheung Chau also record
high winds except winds recorded cduring easterly
monsoons are relatively light at these stations. Winds
recorded at the Airport are close to those at King's
Park except for easterlies when the former records
higher winds than the latter. Green Island sometimes
exhibit dramatic chanelling of easterlies but when
winds are coming from the ncrth during winter monsoon,
speeds are relatively lower. The Castle Peak station
is sheltered by mountain ranges to the east and wegst.
Winds from these directions are usually low, but
northerly and southerly wind speeds are usually high.

Figure 4 shows the wind roses of some of the stations
mentioned above. It also illustrates some of the
points mentioned in the previous paragraph.

Variation in mean wind gust due to site

To further assess the variability of winds over Hong
Kong both ‘in time and space, cne can examine the
trends of gustiness of various stations. Figure 5
shows the trends for stations - Waglan Island, Cheung
Chau, Hong Kong International Airport and the Royal
Observatory. For each station, a plot of the annual
maximum mean wind and gust in time is shown. For
Waglan Island and Cheung Chau, little change in

trend of either the mean winé or gust can be detected.
This is reasonable, as the topography and exposure of
these stations have been generally unchanged during
the period particularly for Waglan Island, which enjoys
a fair wind fetch over water in mcst directions. At
the Royal Observatory site, a nctable decrease of the
mean wind is seen. This can be attributed to the
building developments in the vicinity since the 1960s,
despite the heightening of the anemometer mast to
29.1 m above the ground in 1959, and to 43.8 m above
the ground (71.7 m above msl) in 1982. A point of
interest to note also, is the gusts at the Royal



Observatory exceeded those at Waglan Island in the
years 1962 and 1971, during the passages of T. Wanda
and T. Rose respectively. This has a certain bear-
ing on the comparison of 50-vear return gusts tc be
discussed in Section 4{e}.

Another way of looking 2t the gustiness trend is =y
the gustiness factor, wnhicn is defined as the razio
of the maximum gust tc¢ zhe sustained wind cver <the
same interval of time. Figure 6 is a plot of the
arnual mean gustiness factcrs in strong wiznds oo above
at the Royal Observatorv zand Waglan Island. The
Figure indicates a sharp rise in the gustiness factor
at the Royal Observatery arcund 1937 while the Waglan
guite constant. This

Island trend has remainad
clearly illustrate the effzc: ¢f increasing the rough-
ness in the urban area arcuand zhs former site.

The effect of buildings on the wind regime is complex.
There are urban situaticns, where strong funnelling
may occur between buildings. Strong winds for example
can occur between tall slab blocks arranged in a Y
formation. The perturbation of wind in the gap can
cause a heavy loading. The siting criteria for
meteorological instrument, however, do not recommend
anemometers to be sited at such locations. Hence

the documentation of such situations are rare, if at
all. The effect of future urban forms in a small
scale such as a building block may produce complex
changes in an urban wind field.

(d) Case studies

In this section, an attempt is made using readily
available records, to show craphically the highly
variable characteristic ¢f winds in Hong Kong under
different meteorological regimes.,.

O

The hilly terrain of Hong XKcng and the proximity ¢
the sea provide favourable ingredients for meso- t
microscale variations in the flow regimes in different
parts of Hong Kong. Terreain fcrces air to flow either
arcund or cver a mountain, causing leeside effects such
as the formation of a tZough or vortex. When the
syacptic scale flow is weak, lccal circulation due to
daytime heating dominates, producing wind directions
that can be very different than those of the synoptic

=7
sCa.e.
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Six cases are presented to demonstrate such var-
iability. 1In three of the cases, the synoptic scale
forcing was strong and thus diurnal variation was
minimal. Terrain eiiects therefore controlled the
variabilicyv. Two of the other three cases involved
weak svnoptic scals Zlilcw. Daytime heating became the
main conztributing factcr to the wind variabilizy
although the terrain still played a significant part
in modifying the flow patterns. If daytime heating
'is absenzt {as in z clcudy or overcast day) when the
syncptic scale fecrcing is weak, the variabilicy is
similar <o that of the first three cases. The last
case shows that the existence of two flow regimes
over the =zerritory as a result of land effects over
south Chirna.

Points ¢f interest for each case are annotated as
follows:

CASE 1: Strong north to northwesterly flow associated
with T. Lynn (87102406) (Figure 7(a))

turning of the winds to west-northwesterly in the
weszern part of the harbour due to leeside effects
cf mountain terrzirz to the north

. confluence over the scutheastern part of Hong Kong
resulting from the turning of the winds observed
in (a)

diffluence over Lantau Island as a result of deflec-
tion by mountain range on the island
CASE 2: Intense northerly surge (87112906) (Figure 7(b))

ex fcrmation over Tsing Yi Island due tc leeside

-
ecT

[STHA

o <
h O

. weak zrcugh extending across the Territory at about
the lazitude as Tsing Yi Island probably due to the
mountain ranges to the nort

easterly winds associated with T.
012) (fFigure 7(c))
. turninc ¢f the winds o z2lmost northerly in the

western part of the harbour and west of Lantau Island
due =¢ leeside =2ffects

-



CASE 4:

. prior
(1)

(ii)

Weak northerly flow with sunshine (87110900-
87110906) (Tigure 7(d))

to daytime hea*ing (87110900):

westerly winds in the harbour areas due to
sheltering

trough extanding acrcss Hong Kong along the
latitude of the harbour in the morning due to
leeside eifacts

th

. around the peak of land heating (87110806):

1)

(ii)

(1ii)

(iv)

CASE 5:

. Prior
(i)

sea braeze frem all sides towards land, winds
in the eastern part becoming easterly and
those in the western part westerly

formation of vortices in areas where con-
vergence between two different flow regimes
occurred

main trough ex=ending from northwestern part
of the NT to scuth ¢f Tai Mo Shan and then
almost eastward to the Sai Kung area

ridge flow cover Lantau Island and Hong Kong
Island

Weak easterly £flow with sunshine (87100600~
87100606) (Figure 7(e))
to daytime heating (87:00600):

northeasterly flow in the western part of the
NT and Lantau Island due to leeside effects

. Around time of maximum heating (87100606):

(1)

(ii)

CASE 6:

easterly winés remaining to the eastern part
part but winds cver the western part of the
NT becoming west to southwesterly

convergence between the two flow regimes led
to the formation cof a vortex over Deep Bay

Convergence bezwean easterly and northerly
after a northerly surge (87110218 & 87110518)

(Figure 7(£))

. Initial northerly surge:

(i)

(ii)

winds turnin

g to westerly inside the harbour,
as is the case I
h
a8

or northerly flow regimes
iy surge producing a trough

ritory along the latitude of
d with a vortex to the east

initial nort
across the Te
Tsing Yi Islan
of the island

[
=
>
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winds turming easterly 3 days after northerly surgs:

(i) easterly flow prevailed over the eastern part
of harbour but northerlies remained to the
west and north probably due to effects of the
Pearl Estuary

(ii) convergence between the two flow regimes led
to the formation ¢f a vortex in the Tuen Mun
area

(iii) ridge flow over Lanzau Island

({e) Extreme gusts at various s=a*ions

The complex topography ané =ne bu11- up urban areas of
Hong Kong cause the enormous complexities in the
patterns of airflow which wvary very snarply in both

space and time. Variations -n the stability of the
boundary layer (or the lowesz % km to 1 km of the
atmosphere) also adds another dimension %o the
diversity of the flow patterns. It may therefore be
interesting to compute peak gust velocities at other
wind stations in Hong Kong and compare these values

to those at Waglan Island.

Following the procedure described in Section 2(b),

the Gumbel estimation cf 50- yea* return period mean
winds and gusts are computed for some other stations
with a reasonable length cf record in Hong Kong -
Cheung Chau, Royal Otservatory and Hong Xong
International Airpor:t. In order to aveid the changing

degree of urbanizazion around the site, the Royal
Observatory data considersd is from 1951 o 1985 only,
despite the aval;aDlllty ci a much long=r period of
data. Table 5 shows zhe resul<s,

Values of the return pericds of mean winds are generally
as expected. In the rural, better-exposed sites the -1
S50-year return period mean winds are higher, 47.4 ms

and 46.8 ms ~ respectively fcr Waglan Island and Cheung
Chau versus the urban, somewhat obstructed sites of -1
Royal Obseryvatory and Kai Tak, with values of 35.8 ms

and 38.2 ms re ctivelv. The results are almost
a

0 1<

similar for th e except that the Royal -1
Observatory s Xhibited a rather high value_?f 70.3 ms ~
compared tc = lan Island value of 73.8 ms ~.

This may be attributed to cthe increase in gustiness

factor at the Rcyal Cbservatory and the inclusion of

high values of annual extreme gusts of 1962 and 1971

in the data set.
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Concluding Remarks

The Code of Practice on Wind Effects in Hong Kong
(1983).gave general guidance for usinc a 50-year return
period gust for calculating the windé loading in the struc-
tural design of buildings in Hezg XOng. The choice of
observation of winds from the stztisz Waglan Island to
arrive at this estimate is judicious as the station enjoys
a fair exposure to winds from all directions for a very
long time. The mean winds and gus: characteristics of the
station is also generally uncha=nz2Z —hrough the year. The
choice of a statistical Zunction to describe the distribu-
tion of extreme winds seems to be good either using the
Gumbel or the Weibull functions. With hindsight, however, the
choice of 70.5 ms ~ value using the Gumbel method seems to be
in order, considering alsc it is approximately in the middle
ranges of various possible values obtained from different
stations, for different time periods and using different
statistical methodologies. The Code of Practice also
suitably allows for the possibility of using experimental
wind tunnel data with reference to local conditions so that
in-situ information can be used in place of coefficients
given in the Code. Obviously, a degree of judgement needs
to be exercised in deciding a safe enough weather-design
value that will not on the othsr hanZ 2ntail over-designed
engineering works.
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24 In(-1nP) = -0.18U +4.3

+ Observations

* —+ ; > U
0 10 L0 50
-1 4 U=Hourly 'wind speed
(ml/s)
-2 -+
-3 -

Figure 1(a) THE GUMBEL DISTRIBUTION FITTED TO ARNUAL MAXIMUN EOURLY WIND
SPEEDS RECORDED AT WAGLAK ISLAND (1953-85)
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Figure 1(b) THE GUMEEL DISTRIBUTION FITTED TO MAXIMUX GUSTS RECOEDED AT
WAGLAN ISIAND (1953-85)
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Pigure 2(a) THE 3-PARAMETER WEIBULL DISTRIBUTICN FITTED TO ANNUAL MAXINUX
HOURLY WIND SPEEDS RSCORDED AT WAGLAK ISLAND (1953-85)
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Figure 2(b) TEE 3~PARAMETER WEIBULL DISTRIBUTION FITTED
GUSTS HECORDED AT WAGLAN ISLAND (1953-85)

tn{Hn{1-P)]= 2(n (U- 20)-6.32
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U = Max gusts
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TO MAXTMUM




"ONOM DNOH NI SNOIJVLS ONIM J0 NOLINAIYLSIA

:g aanbtg

puesl ueibem ' D .. Q

O 1eL

213U3)
*wo) 3104

-~

® vn.@.

K133 1e38

K1ojenis ek
Em::x:/\/ s 3 590 Tehoy _
() VI S 1184 a.mcc_»v _
uanyy jex :n». Vccz s B
® S .
jesy uocormoy o
o steurusar () . .
uite) s,aje], Teuoyjeulajul _
Buoy Buoy
L 7/ e m
\ AN ¢_
Uty eys . _
ueys ow el
‘ |
‘ Buoy wsus @@ _

0 g y |
\Ueys neg neg /
)
¥ ) . _
-

Buy twy vy, . Y

) -
¢ b -\.\ﬂ\l. W
K .\/ Y ad
L) ) ' y o \




YARIABLE ; 0.2°0)
CALM : 1.6%,

TOTAL NUMBER OF .
osservarions - 3787

YARIABLE : 0.3°
CALM : 3.9,

TOTAL NUMBER OF |
0BSERVATIONS = 262363

ROYAL OBSERVATORY 1951-1980

VARIABLE : YARIABLE :
CALM : CALM : 2.3,
TOTAL NUMBER QF . TOTAL NUMBER OF , 15779¢
QBSERVATIONS *

OBSERYATIONS *

TATE'S CAIRN 1971 - ISSO g 20 PERCENTAGE CHEUNG CHAU |968 - 1985

[+
— L J FREOUENCY

WIND SPEED
0570 15-8085-140%160 M m/s

—w
ARAR E VARIABLE :
CALM . CALM
‘AL MUMBER OF TOTAL NUMBER OF .
CHSERWMNIONS ° GBSERVATIONS °

GREIN [SLAND 1973 -197¢9 CASTLZ PEAK 1972-198"
Figure +: ANNUAL WIND RCSZ CF SOME STATICNS TN HONG XONG .
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Figure 5: MAXIMUM HOURLY MEAN WIND AND GUST OF SOME STATIONS IN HONG KONG.
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Station wind for 87102406 UTC
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Figure 7(a) WIND FLOW OVER HONG KONG - STRONG NOETE TO NORTHWESTERLY .
(CCNTOURS COF TERRAIN IN 200 m INTERVALS. A FULL WIND
BARB DENOTES S ms~1).



Station wind for 87412906 UTC

Figure 7(b) WIKD FLOW OVER EONG KONG - INTENSE NORTHERLY SURGE



86082012 UTC

Station wind for

Figure 7(¢) WIND FLOW OVER HONG ECNG - STRONG NORTHEASTERLY



Station wind for 8714 800 UTC

Pigure 7(d)(i) WIKD FLOW OVER HONG KONG - WEAX NORTHERLY



8741 906 UTC

Station wind for

Pigure T(d)(ii) WIND FLOW OVER HONG KONG - WEAK NORTHERLY



Station wind for 8710 600 UTC
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Pigure 7(e)(i) WIND FLOW OVER HCKG KONG - WEAK EASTERLY




Station wind for 8710 60& UTC

Figure T(e)(ii) WIND FLOW OVZR HONG KONG - W=AK EASTERLY



Station wind for 8711 218 UTC

Pigure 7(£)(i) WIFD FLOW OVER HONG KONG - WEAX NORTHERLY FOLLOWED BY EASTERLY



Station wind for 87141 548 UTC
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Figure 7(£)(ii) WIND FLOW OVER HONG KONG - WEAK NORTEERLY FOLLOWED BY EASTERLY



