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SURFACE WINDS IN HONG KONG TYPHOONS
(Preliminary Report)
G. J. Bell

SECTION I . INTRODUCTIN

Engineers are becoming increasingly corcerned with the structure
of low level winds, and the probability of the occurrence of gusts of
various durations as factors to be considered for the safe and economic
design of structures. These wind factors are particularly important
Shen designing structures for areas frequented by trecpical cyclones,
and it is for just such conditions that reliable information is scarce.
Data for decaylng hurricanes have been obtained from the Lake Okeechobee
(1) and Brookhaven (2) installaticns, but many factors are still in
doubt (3).

Anemograph records for the Reoyal Observatory, Heng Kong, extend as
far back as 1884, during which time there have been only minor changes
in the location of *the anemographs and - until 1958 -~ little change in
the exposure. Since 1958 a quick-run recorder, for the Dines anemograph,
has been available and it was used successfully in Typhoon Mary in June,
1960. The historical reccids are standardised in Section II and used
in Section III to determine the probability of occurrence of extreme
mean hourly wind speeds and gusts. Short period mean wind speeds measur-
ed in Typhonn Mary are presented in Section IV, and probable hourly ex-
treme wind speeds for short period means are computed. The results of
these two sections are then combined to yield the probability of extreme
mean wind speeds for any period from five seconds to ocne hour.

It should be stated at the outset that the results that follow re-
late to conditicns at Hong Kong where the terrain is composed of many
mountaincus islands and peninsulas (Figure 1). Furthermore, the ex-
treme typhoons which frequent the Pacific, east of the Philippines, do
not normally occur in the China Sea. This statement is supported by 78
years of rdong Kong observations, and by the distribution of intense
typhoons as presented by Frank and Jordan (4), who classify typhoons -
according to the minimum value of the central pressure ~ into the three
categories 990-950 mb, 950-920 mb and less than 920 mb., The lowest
instantaneous p-essure at Hong Kong - 956.4 mb - occurred in the typhoon
of September 2nd 1337, when gusts up to 145 knots (167 m.p.h.) were re-
liably recorded (5).

SECTION II . ANEMOGRAPH OBSERVAT IONS

1. The Basic Data

The Royal Observatory, Hong Kong (Lat. 22°18'47"N, Llong. 114°10'
13"E) is situated on the top of a small hill 31.82m A.M.S.L. on the
Kolwoon Peninsula (Fig. 1). The building is approximately regular in
shape being 25.32m long, 13.7m wide and 10.4m high with a flat roof, and
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stands in wooded grounds, with the tops of all trees below the roof of
the Observatory. Beyond the boundary of the grounds the terrain is
developed, but no building interfered with the exposure of the anemo-
meter until 1958 when blocks of flats were constructed 120m east of the
anemometer with their roofs a few meters below the level of the anemo-
meter head.

A recording four cup Beckley anemograph of the Robinson type, was
set up in the center of the roof in 1884. The four cups - 23 cms in
diameter - were mounted on arms 60 cms long, and the plane of rotation
was 3.96 m above the roof of the Cbservatory. This instrument was in
use until 1938. 1In 1910 a Baxendall Dines anemograph was installed on
the roof 3.05m NNE of the cup anemograph with its head 0.15m higher
than the latter. The Dines was moved to the central position when the
Beckley was dismantled in 1938, and the opportunity was taken to install
a new tank to recoxd gusts up to 180 knots, since gusts exceeding 110
knots (127 m.p.h.) had been experie=ced in four storms. The head of
the Dines was raised from 3.96m to 9.75m above the roof at this time,
and it was raised a further 6.80m in 1958 in an unsuccessful attempt
to clear the turbulent wake from the newly erected buildings to the
east.

Mean hourly wind speeds (H-20 min to H430 min) from the cup anemo-
graph have been published (6) for the period from March 1884 until
October 1938. The maximum gusts recorded by the adjacent Dines anemo-
graph have been published since May 1910, gnd Dines mean hourly wind
speeds since January 1935. The two anemographs were operated side by
side for over 28 years; if these comparative readings show that the cup
measurements can be converted to the Dines' standard, then a unique
series of observations from 1884 to 1960 could be obtained with a break
of five years (1942-1946) due to World War II.

2. Stangardisation of the Cup Anemograph Readings

The precise rc¢iationship between the readings of the two anemographs
is complex sirce they respond differently to changes in air density and
eddy structure of the wind. Variations in topography around the Obser-
vatory and the rectangular plan of the building cause the eddy structure
of the wind to be dependent on velocity. The difference in readings be-
tween the two instruments is thus dependent on the speed and direction
of the wind as well as the density and stability of the air. Early
investigations (6) based on monthly and annual mean wind speeds, found
the variation in factor to be quite large and apparently inexplicable.
Heywood (7) subsequently examined in detail the hourly readings for
1938, corrected the Dines' records for variations in air density and
concluded that the "run" of the cup anemograph should be multiplied by
2.5 to convert the normal and extreme values (m.p.h.) to the Dines
standard. He noted that there was probably a variation with velocity,
but that it was small compared with variations due to other causes and
could be neglected. Published results for the cup anemograph are ex-
pressed in "miles", being the indicated hourly run of the cups multi-
plied by Robinson's original factor of 2.0. Heywood's factor of 2.5,
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being based on hourly observations, will. be used for the examination of
the annual extreme mean hourly wind speeds; the published hourly values
must therefore be reduced by the factor 2.5/2.0. A factor of 0.72 in-

cludes this conversion to the Dines standard and the change from m.p.h.
to knots.

The four annua! extremes of mean hourly wind speed for which publish-
ed readings are available for both anemographs, are compared in Table 1;
and they suggest that the adopted factor is acceptable for this analysis
of extreme winds. Further suppcrt for this choice is given later.

TABLE 1

Comparison of the Annual Extreme Mean Hourly Wind Speeds
Measured by the Beckley Cup and Dines Anemographs

Cup Cup “Difference
Year Date | L.M.T.} Run x 3.0 |"Miles" x .72| Dines |Cup - Dines
"miles” Knots Knots Knots
1935 7 Oct 22 47 24 31 $3
1936 | 17 Aug 04 97 70 70 0
1837} 2 Sep 04 92 67 65 $2
1938 2 May| 15 40 29 28 +1

Annual extreme mean hourly wind speeds and the annual extreme gusts
recorded by the Dines anemograph are shown in Table 2. Instrumental
changes are indicated in the remarks column. Change number 4 in 1938,
involved muving the Dines anemograph to the central position - previous-
ly occupied by the cups - and raising its head by 8.26m. The effects of
this change were cetermiried by comparing the readings with a third con-
trol anemograph -~ lccated 10.36m above the SE corner of the building -
doth befcre and after the mcve. Heywood analysed these comparative
readings and found:

Befcre Mcving *he Anemcgraph

a. The cid Dines (head 4.11m above the roof) produced a trace 1.43
times as broad as the control aremometer (head at 10.36m); this ratio
decreased lirearly with speed as the effects of turbulence generated by
the building spread to greater heights and affected the control anemo-
meter. ’

b. The mean hourly velocities were the same for both anemographs.

After Moving the Anemograph

a. The old Dines read slightly greater than the control anemometer
on average, but the difference decreased with speed and amounted to about
3% at 20 kt. (The original Dines was smaller and had a more open scale
than the Control).



epobemep sdns ¢e3ewixoxddy

*I*S*W°V Wrg G pue punoxb

Yy} aaoqe wgL gl “Ax0jeArasq) ayy jo

JOOI B9y} dALQe WL*E uUOTIeIOX 3o eueld syt
NI pggl uer ut dn 39s sem adA3 uosutqoy
3o ydexbowaue dna xnoy Aerydeg v (1

*3uo[24d restdoxy e yj3m pojeradsse JON|

]
[}

]
)

| I D O R D B NN D NN B B B R |
| IUNE I N S BED BN AN RN B NN BN BENN B )

LI 2R R )
(I IR BN Y |

]
18

]
s

>,

G = T gqYITWMN Y SINTWMISNI O1 SFNVHO
SO VW

YOIV jgm

- 27 GL €2 30 61 6061 | 92
- 86 8 20 Inr 82 8061 | Gz
- vG G $0 des v1 (061 | t2
- 9% 8L 60 deg 6z 9061 | €T
- Ly G9 91 bny 0f G061 | 22|
- oy 9q 8T bny Gz p06T | 12
- £e s 4 60 320 Lz €061 | 02z
- 6G 28 (44 bny Z 2061 | 61
- GE 8y 0 bny v 1067 | 81
- <9 06 S0 AON OT D06 | L1
- £€ 4 IT  Inf ¥ 6681 | 91
- Gt 9 10 bay ¢ 8681 |} <1
- ov 9¢ Ly dog 1 t681 | v1
- 8L 801 rAA e 6z 9681 | €1
- 8e (% vT Inr 82 G681 | 2l
-9 98 60" deg Gz 69T | 11
- 86 18 81 10 ¢ €681 | o1
- £¢ o 80 Iey Lz ST | 6
- 9 ¥9 LO e 6T 1681 | 8
- 8¢ £S 0 INET 0681 | L
- 4 4 19 90 30 91 6881 }f 9
- 9¢ 0S 72z deg gz 8881 | G
- 0S 69 LT deg LT 1881 | ¢
- 6€ 14 S0 %%q L 9881 | €
- 8¢ £S Gt bny L1 6881 | Z
- v9 68 00 deg 0T 881 | 1
I _uSPTWy

(Xvw) saNIa@ S*ZX O°EX

YOIV dfo
I'N°T  HIva  HVIA [-ON

ISMO°  ganra  qIIdS ATHMOH NVIW

EUECRRE. |

: 096T~961 “ Ir61-9881
ISM SINIA ANV Q3I3dS ANIM ATHNOH NVIN IWFHIXI TYNNY

e ————

¢ d1av1




¥9°1 +GIT 0L oL L6 v0 boy L1 9g61 | €¢
L1 S (> vE Ly ze 3% L Ge6l | 2§
99° 1 8¢ - GE 14 oz 3190 1 ve6T | 16
9L 1 86 - Z€ 44 1 £4 I 62  €€61 | 0S
€L°1 69 - o¥ GG 80 deg L1 ze61 | 6v
rLe1 81T - 89 v6 A by 1€61 | 8>
EG°T zL - Ly 99 61 e vz  0e61 | Ly
6S° T zo1 - v9 68 1At bny zz 6261 | oF
161 99 - v 6S 10 It GT 8261 | o¥
89°1 o1 - 09 €8 91 ény 0z 1261 | v
99° 1 88 - €S £L ot deg 1z 9z61 | cp
*AInf Ul PaIINI20 3SNO WrWXew By GL° T (2s) 9s - A4 % 4 60 ung 9z GzZ6T | Zv
z8°1 09 - £e 9t 00 10 v vz61 | W
6v° T €11 - 9 901 ot  bay BT  €z61 | ov
£9°1 G9 - oY GS 1£4 deg 0z zz61 | 6€
-3deg ut pazxno3o 3snb wnuixew syl 29° 1 (6G) 09 - LE 16 1T Inc ¥z 1261 | 8¢
eV 1 €S - LE 1 {7 Z0 Ine 1€ 0Z4T | Le
*SWopGeZ 0} w3zl woxy paseaxrd | OL°T £L - £v 09 61 bny zz 6161 | st
-ut sem yderbowsue sdulq ay} 103 sadid| zg-1 zZ8 N~ 4 €9 90 bny g1 @161 | <€
ay3 3o xajawerp ayy L161 Atnr ur (e| o08°1 18 - [~ £9 Gt bny €1 LI6T | vE
or-1 96 - ov GG 00 deg o 9161 | €€
. 0s° 1 09 - oY 96 91 AON G Glet | z¢
*Alnf Ul parIn9s0 3snb wnwixew ayy 09°1 (zv) 8r - o€ zv 1 deg ¢ 16T | 1€
T OTWNCV LS9°Gh JOOX Sy} dAoqe Wiy | Ly 16 - 29 93 11 bny L1 €161 | o€
3 wayy aaoqe wcyso pue sdnd 3yz 3o aN| 6c°T 9 - €€ 9t A Iew €1 TI6T | 62
wGo*t 0161 Aeyy ut dn 385 sem Ia3awetp wo | gp 1 L9 - G Z9 L0 by ¢ 1161 | 82
LT°1 30 sadid y3im ydexbowsue svutgy (Zz] 6p°1 ¢S - Ge &v $0 ung 02 OT6T | L2
. o n N I WwSOTIN., _

¥OIOVd  (XWN)  SiNId G ¢X  O-&X
G - 1 qMIEWIN FY SINFWMISNI Ol SIONVHD IS 18 YOLOVd dO  *I°'W°1  3Iva 4vIx |°ON

SHWHN - SINIA  d3IIdS ATHMOYH NVIN

. INTMIXT

*P,3U0] - Z e1qeg




161 19 ce L0 dag gz GG61 | 89
G811 L8 Ly 1A by 62  vG6T | L9
6L° 1 GL Zv 61 des 8T €661 | 99
s3snbny uy Pazrndd0 3snb wrwixew ayy 00°2 99 €€ 00 unf 2T ZG6T | S9
€L T 9L v ze by 1 1661 | ¥9
LA 6G ve Gr 10 G 0G6T | €9
Spe 1 18 9 vo deg g  6vel | 29
L9°1 GL oy 90 deg g  8veT | 19
.Pmnmz< ut vNHHﬂwOUO Uﬂa Eﬁgﬂxms wﬂ.ﬁ OQ-M ﬂm Nm LI >ﬂ= w.ﬂ N..VQ.H OO
+p3ads puim A{Inoy ou 0s - JIeyd ‘
sauyQ aY3 °AOW 03 d[qeiTeA® YD0Td ON - G6 - - me 8T  9¥61 | 66
*syooydA} axaass Axaa ou jxodex
*3pew SISAIBSQ) TE207 °*SPIOIIIX ON CP6T = Zvel
arem obueys ay} x93 je pue axojaq ydexb
~owdue SAUTG PITY} € Y3 im suos fredwo)
*T°S'W°V WGH*EG 300X Y} aAaoqe wG 6
01 po9siex sem peay sdulg ayz fAON (g uo
(sdno ay3 Aq paydnoso Aysnotasxd) uory
~-1s0d [exjusd 9yy 03 pdAow axam sydexb 1.°1 v6 Lol A dag 91 el | 86
-owaue sautqg PIO pue maN *8e6él deg OF 09°1 L GY 60 Bny 1z Over | LS
uo pafjuewstp sem ydezbowsue dno ayy (v 09°1 v9 or ol AON €2 6£6T | 9¢
*3AGr T popI0lIdx Ax0}eAxdsq)
8y} jo 3 sa[jw z 3noqe ydexbowaue pe
-3eIqi(ed y *due} ay} jo doj ayj yoniys 96° 1 SS 8¢ Gl Aew ¢ 8E6T | GG
uo}sd SAUT@ Y} YITYM 3 Tm 93103 ayy 00°¢ foer <9 v0 des z LEGT | ¥G&
woxy 3INOET 3Se3] je pajewylIsd SIIAXISGQD
M £y |
. ¥O1Ovd  (XVW)  S3INIQ
SSMVNH SINIA@ Q33dS ATYNOH NYIW

——————

*pP,3u0) - Z 81qef




*3% 611 pue O] ueemyaq xte sTITds Ing 3X 611 9IESTPUT 03 [@Aer ued uoystd eyl °3Y QTI 03 3jexnooy +

90°¢ €01 QS - - Z0 unp 6 0961 | €L
*aunC UT PaIINO20 jsnd WnWIXew 3yl
*ydexzbowsue
9y} 30 3sed sbutpryng mdu woxy axem a9y}
_p1oAe 03 3dwajie [njssadsnsun ue Ul 6GRT
AIng uy *1°S°R°Y W 8°09 ¢30OOI 8y3 aAoqe
WGG 9T 03 pdsyer sem peay sautg Ayl (¢ 1z°z (L) €S vZ - - 81 des o1  6%61 | L
*3snbny ul PaxsNI0 Isnb wniXew duy 83°1 (68) 2 €€ - - +1 Aew og  8csT | L
19AR ot 68 - - L1 des zg  1G6T | OL
*ISCWOINRG UT PAIINDINC ISNS wnwIX ey
*oudT24o Tedatdoxy Y3t pajeyd03SE 0N €9°T (0G) ¢ Ze - - L0 q2d Gz 9%6T | 69
. L > Lo I Y PLLA 8
U0Ido¥4d  (XVW) S3INIQ G°ZX O €X
G - T Gisawmt BV SO NIWCHISNI CL SIONVHO 1Sm Ism SYOIOVd dO  *I°W'1 dIvd  yvix |'CN
S CALE | SINIA IS ATHNOH NYIW
INYIXT

T ———

*P,3u0)y - Z e1qel



b. The gustiness as given by the total width of the velocity
trace divided by the mean velocity during each hour - was 0.84 for the
old location and 0.61 for the new location. These figures compare with
0.40 for anemographs at 12.19m over grassland in England (8).

This comparison cheows that before 1938, the Cup and Dines anemo-
graphs were mounted too ¢lose to the roof to be considered well exposed,
and that this increased the difficulties encountered in comparing their
readings. More important, it shows that the extreme mean hourly speeds
recorded by the Dines before and after moving, should be in fairly close
agreement and that, in consequence, the Dines and corrected Cup observa-
ticns shculd pxsvide a reasonably standardized set of extremes.

For the first seven years (1911 - 1917) the Dines pressure tubes
were only 1.25cm in diameter, in 1917 they were increased to 2.54cm.
Although the change 1s not expected to have affected the measurement of
mean wind speed, the old tubes certainly damped the maximum gust. The
mean gust factor (maximum gust/mean hourly wind speed) for the first
seven years was 1.47, for the first seven years with larger pipes it
was 1.A9 and for the first 20 years with larger pipes 1.67. Complete
correction of the first seven extreme gusts for this damping effect is
compiicated, and not necessary for the present investigation as long as
it is remembered that they are sub-standard.

SECTION III . THE DISTRIBUTICN OF EXTREME WINDS

1. Mean Hourly Winds

Aanual extreme mean hourly wind speeds have been arranged in order
of increasing magaitude in Table 3. The relative frequency of occur-
rence - c¢btalned by dividing the cumulative rank m by the total number
of extremes N increased by one (9) - is also given. The mean hourly
wind spsed is then plotted against the relative frequency on extreme
probability paper (Figure 2). If the extremes belong to Gumbel's
double logarithmic distribution, the plotted points will approximate to
a straight line, which is computed by a least squares method to minimize
the diagora. distance from each plotted point to the line (11). The
reduced variate Y = loge (~logeP) is used as abscissa in these computa-
tions.

Confidence bands have been drawn on either side of the best line
for a probabilizy of 0.68 that the extreme mean hourly wind correspond-
ing Yo any frequency will fall within the band. The distribution of
extremes can be considered to be adequately represented by Gumbel's
theory if two thirds of the plotted points fall within the confidence
band.

2. Gusts

Similar computations were applied to the extreme gusts which are
listed in order of magnitude in Table 4. The damped gusts corresponding

9



TABLE 3

ANNUAL EXTREME MEAN HOURLY WIND SPEEDS
1884 - 1941, 1947 . 19€0

YEAR M.H.W. RANK Pw M YEAR  M.H.W. RANK P=.1_
kn m nel kn m » ngl
1959 24 i 0.014 i919 43 37 0.507
1938 28 2 0.027 1889 44 38 0.521
1914 20 2 0.041. 1851 44 3 0.534
1925 31 4 C.05% 1898 45 40 0.548
1925 32 3 C.069 1911 45 41 0.562
1932 32 6 G.082 1917 45 42 0.57%
1947 52 7 0. 096 1918 45 43 0.589
1955 32 8 0.1i9 1940 45 44 0.6023
1956 a2 9 C.12: 1648 45 45 0.517
1892 33 10 0..327 1891 46 46 0.630
1899 &3 I C.282 . 1205 47 47 0.644
1903 33 2 U. 155 1950 47 48 0.558
1932 33 13 0.178 954 47 49 0.671
1924 33 14 0.192 ! 1887 50 50 0.685
1952 32 H 0.2% 1060 50 51 0.699
1958 3 16 0.21% .926 33 52 0.713
1650 34 17 0.233 1907 54 53 0.726
1901 5 H 0.2247 ; 1209 54 54 0.740
2910 32 19 C.250 15941 55 55 0.754
1934 3% 20 0.274 190¢ 56 5 0.767
1886 3 z 0.288 1949 56 57 0.781
1920 37 22 0.301 1893 58 58 0.795
1921 37 23 0.31% 1908 58 59 0.808
188% 38 24 0.329 1902 59 80 0.822
1890 < 2 0.3243 1957 59 61 0.836
1895 38 25 0.3%¢ 1927 60 A2 0.849
1886 3 27 0.37% 1894 62 63 0.863
1897 40 28 0.384 1913 62 €4 0.877
i904 40 29 0.397 1884 64 65 " 0.891
i915 40 20 N.411 1929 64 66 0.904
1916 40 31 0.425 1900 €5 €7 0.918
1922 40 32 0.429 1927 65 68 0.932
1932 40 33 0.452 ~935i é8 69 0.945
1939 40 24 0.4€65 1956 70 70 0.959
1928 42 38 0.480 192% 76 71 0.973
1953 42 35 0.493 1896 78 72 0.987
MEAN = 45.2 kn MDE = 29.4 kn

10
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TABLE 4

ANNUAL EXTREME QISTS (DINES-UNCORRECTED)

12

1911 - 1941, 1946 - 1960
YEAR QST RANK z
kn m nel
1912 46 1 .0208
1914 48 2 .042
1910 52 3 062
1956 52 4 .083
© 1920 53 5 .103
1947 53 6 . 125
1959 53 7 «146
1935 55 8 167
1938 55 g «187
1916 56 io .208
192% 56 11 229
1953 38 12 250
1934 58 13 271
1950 59 14 . 292
1915 60 15 .212
192: 50 1 $3323
1924 60 17 . 354
1955 61 1 O7D
1958 62 1 «396
1959 64 20 <417
1922 65 2] . 437
1928 66 22 . 458
1952 66 23 .479
1911 57 24 © 500
1932 69 25 521
1530 72 26 542
1940 72 27 .562
1919 73 28 583
1948 75 29 604
1953 75 30 +625
1951 76 3l +646
1949 81 32 667
1917 81 33 .687
1918 82 34 . 708
1954 87 35 . 729
1926 88 36 .750
1913 91 37 771
-94. 94 38 « 792
1946 95 39 .812
1927 101 40 .823
1957 101 41 +854
1929 102 42 875
1960 103 43 .896
1923 113 44 +917
1936 11% 45 +937
1931 118 46 .958
1937 130 47 .979
MEAN 74.0 kn MQODE 64.2 kn




to the obsersations with narrow tubes on the Dines anemograph have been
included ir Table 4 and Fig. 2. The computations were performed three
times: - i) using 3ll gusts, ii) omitting the first sever years and
1ii) using ail the observations but increasing the damped gusts by the
factor 1.67/1°47, regardless of wind speed. The last two computations
produced a more linear distribution of points in the middle and upper
speed ranges but showed increased departures at, and below, 50kt. The
line of best fit was not significantly affetcted by these changes.

Court {12) describes how the average return periods given in Fig.
2 can be used to determine the maximum wind to be expected over any given
number of years, at any given ievel of risk.

3. Gust Factors

Since the gusts licsted in Table 2 are extreme gusts, the tabulated
gust factczrs :onstitute a set of extremes for the appropriate mean hour-
ly wind speeds. Fig. 3 shows tnat they conf.:m to the double logarithmic
distribution with a mean ¢f 1.73 and a mode of |.€5.

Gus*t factors before 1933 wer2 3stermined using standardized Cup
anemcgraph hour:y means, after 1935 Dines hourly means were used. The
gust factors constitute a reasonably homogeneous set - as can be seen
by inspection, by reference to Fig. 3 and by computing the distribution
and mean fc¢r the wo sels - and therafors land support to the method used
te stardardise the <up anemograph readingz. ’

The data of Table 2 indicate 3 terdency for the extreme gust factor
to decre2se with increasing wind speed up tc 35kt; thereafter the factor
is widely distributed - abaut a mean of 1.69 - and a reliable determi-
natior cf the trend is nct possible from this data alone.

SECTION IV, QJICK-FUN ANEMOGRAPH OBSERVATIONS IN TYPHOON MARY, JUNE 1960
1. Data

A clock mechanism was fitted to the Royal Observatory Dines in 1958,
to enable an houriy or daily rotation pericd to be selected, the former
yielding a scale cf one minute per 0.6icms. Using the remote recording
facility, bcth ncrmal and quick-run records were simultaneously obtained
during Typhoon Mazy on June 9th, 1960. In all, twenty four hours of
quick-run redHrds were obtained, but the first ‘welve hours were spoiled
by the buildirg to the east; fortunately, the wind veered off the build.
ing before the height of the storm, and cne and a half hours of south-
east to south-south-east winds were regorded before Hong Kong Island
sheltered the Observatory anemograph. A further two hours of good re-
cords were obtained from a south-west to west-south-westerly direction
before the storm moved inland and weakened (Fig. 1).

The one and half hours of south-easterly winds and the similar period
of west-south-westerly winds were selected for analysis. The ten minute
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nean wind speeds remained supstantially censtant threucheut both these
neriods i.e. thers was nc ftrend - although the south-sasterlies were
considerably mcre gusty than the south-westeriies. Ai] available ob-
servations suggest that the period selected for study covers a steady
state in the life of the storm, and that weakening - cornsequent on a
trajectory cver iand - did not start until several hours later.

At 1i¢ closest the sterm ¢center was 12 miles WNW of the Royal
Observatory with a minimum central pressure (from island barograms) of
about 967mb; this puts the storm in the least intense class of Frank
and Jordan's (4) typhoon classification by pressure. The international-
ly accepted definition of a typhoon (hurricane) calis for sustained winds
of 64kt or more. Both Waglan Island and the Royal Observatory recorded
winds over this value for several minutes, and if it is accepted that a
10 minute mean represents a sustained wind, then it is most likely that
this was just achieved offshore.

Since mean wind speeds over different time intervals are of inter-
est *c *the englineer, it was decided first to obtain these means over
intewvals rangirg from crie hour to a few seconds, and then te examine
their relationship to each othzr. The response of the Dines anemograph
to changing wind speed, and iis variation with pipe length and diameter,
have been studied at the National Physical Laboratory (12). The response
improves with wind speed and Table 5 (14) gives an indication of the
magnitude of the time of response at mean speeds of 52 and 18 knots. From
these measurements Giblett (13) concludes that for accurate work, speeds
should not be taken over intervals of less than five sesonds.

TABLE 5

RESPONSE OF THE PRESSURE~-TUBE ANEMOGRAPH MKII TO PRESSURE
VARIATION APPLIED THROUGH 20.5m AND 2.54cm PIPING

WIND SPEED OF 52KN . WIND CPEED ]16KN.

Periodic Time of | Indicated Press.| Periodic 1ime of| indicated Press.
Appii TESSUr 1} y : ir i
Maiasion | P, moroe | ariation | piak ghpoied
“Sec. Sec.
- - 10 0.5€
4.¢ 1.0 4 C.70
<3 1.0 2 0.47
1.8 0.42 - -
1.15 0.14 - -

The Hong Kong quick-run records were photographically enlarged ap-
proxima<tely seven times, and at this scale five second means were readi-
ly obtained by the method of equal areas; in all 1,884 five second in-
tervals were measured and checked. Means for one hour, €00, 200, ©0,

30 and 10 seconds were obtained from the five second means. Thirtv
second mears were also measured independently and used 3s check on er-
rors and accurany.
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From the Cardington observations Giblett has shown that, if OP, and
OPry (Fig. 4) represent successive 5 second mean winds then the mean of

the moduli of the vector difference of the consecutive 5 second means
i.e, :E:lpr Pn+1|/n is linearly related to the mean wind, under lapse
conditions.

In addition, he showed that the mean eddy speed, as given by the
mean of the moduli of the vector difference between the five second mean
and the mean wind iie. J_ |MPy|/n is also linearly related to the mean
wind speed but with considerably less precision. Using the same data
Durst (15) has recently shown.that - apart from rare occurrences - the
distribution of the 5 second mean wind sSpeeds M(5) about the 600 second
mean wind speed M(600) closely follows the normal distribution,zand that
the standard deviation given by & (600,5) =2[[ﬁ(600) - M(5 /(600/5-1{‘1r
was nearly proportional to M(600) - he derived correlation co-efficients
of about 0.9 for the case of five second and 60 second means.

The short period means from Typhoon Mary were examined to determine
if the standard deviation was related to the mean in the manner describ-
ed by Durst. The standard deviation of five second means about the ten
minute means @ (600,5) was determined for five ten minute periods of
south-westerly winds; the values are shown in Table 6. The ten minute
mean ranged from 19kt to S50kt, but the 19kt value had to be obtained from
observations in tropical storm Nora September 1960. The mean value of

o (600,5) /M (600) for the five means was 0.180 with a standard devi-
ation of 0.018kt. The observations have been plotted in Fig . 5 where
the full line - constrained to pass through the origin - represents their
mean ratio of 0.180. Durst obtained am average value of 0.145 for this
ratio from seven cases in the speed range 10kt to 236kt; the correspond-
ing line is shown in Fig. 5.

In the case of south-easterly winds, the speed range covered is not
sufficient to satisfactorily examine the relationship between & and M.
However, there is no reason to suppose that the south-easterlies should
differ from the south-westerlies and Cardington observations in this
respect, and it will therefore be assumed that ¢ (600,t) /M is approxi-
mately constant for south-easterlies as well as south-westerlies in the
mean hourly speed range of 30kt to 100kt and for all values of t between
S sec and 600 sec.

The wind direction did not veer‘clear of the building to the east
of the anemometer until the speed was greater than 39kt, but the seven-
teen ten minute periods of south-easterly winds have been analyzed and
the data is shown in Table 6 and plotted in Fig. 5.

It will be seen that the points corresponding to the south-easter-
lies show a considerable scatter. On examining the original anemograms
it is clearly seen that the points close to line A contain a strong
squall component with a period approximating to two minutes (Fig. 6).
The points close to line C derive from traces with a normal appearance
whilst the six points close to line B were obtained from traces showing

15



Fig. 4.

Pr and Pr+1 are consecutive five second means,

16



TABLE 6

STANDARD DEVIATIONS OF FIVE SECOND MEANS ABQUT TEN MINUTE MEANS

SOUTH WESTERLIES

TEN MINUTE TEN MINUTE (600,5)
NO. MEAN 4(600) g (600,5) M{600
Kt Kt

1 '51.1 7.43 0.146 MEAN
2 51.3 9.07 0.177 0.180
2 50.8 8.91 0.176 g = 0.018
4 32.3 €.03 0.187

"Nora" 19.05 4,05 0.213

SOUTH EASTERLIES

TEN MINUTE TEN MINUTE 6'6600.52
NO. MEAN M(600) _ g (600,5) M{600
Kt

Kt

1 47.23 9.93 0.210

2 48.0 9,56 0.192

3 49,1 10.35 0.211

4 46.1 11.34 0.246

5 43.3 12.20 0.282

6 44.5 12.84 0.288 MEAN
7 47.6 11.04 0.222 0.237
'8 48.2 12.33 0.255

9 48.8 12.74 0.261 d - 0.029
10 47.1 11.69 0.248

11 47.8 11.71 0.245

12 52.3 10.58 0.200
12 49.7 11.40 0.229

14 47.5 10.86 0.228
15 45.0 9.03 0.201
16 41.2 8.52 0.207
17 28.9 10.56 0.271

17
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a lesser, irregular, two minute component toyether with a component of
approximately five minutes period. The analysis will proceed using the
mean value of ¢~ (600,5)/M(600) i.e. 0.237, but the effects of using
values corresponding to the lines A and C will suhbsequently be evaluat-
ed.

Frequencies of five, ten, thirty and sixty second mean wind
speeds in each ten minute period were plotted on normal probability
paper. For twenty-four ten minute runs, no marked departure from a
normal distribution was found. 1In general, the short period means for
the less turbulent south-westerlies fitted the nommal distribution more
precisely than the squally south-easterlies.

2. Computation of Probable Hourly Extremes

Following Durst, we can now compute the probable maximum short
period mean wind speed during one hour, for each of the chosen inter-
vals. Standard deviations for various combinations of mean hourly wind
speed and short period means are multiplied by a factor - dependent on
sample size - to obtain the probable extreme departure in one hour.

The probable normal extremes for sample size n are found at f times the
standard deviation from the mean, where f has the following values:

Duration of short period

mean t €00sec 300sec 60sec 30sec 10sec 5sec
Sample size n = 2600/t € 12 60 120 360 720
Factor for extremes - f 1.2 1.5 2.1 2.4 2.8 2.0

Table 7 shows values of € (lhr,t)/M(1hr) for various values of ¢
and for south-easterlies, south-westerlies and squally south-easterlies.
Durst's values have been included for comparison. Using values of 0 /M
from runs number one and three, Table 8 has been derived to yield stand-
ard deviations for various values of M(lhr). Multiplying these stand-
ard deviations by the app-opriate factor f, and adding the result to the
relevant hourly mean we obtain the probable maximum short period means
listed in Table 9. The extreme short period means observed in Typhoon
Mary have been entered in parenthesis against the appropriate mean hour-
ly wind speed of 50kt. The differences do not amount to 5%, and for
mean hourly wind speeds close to 50kt the earlier assumption would ap-
pear to be justified. To qglculate the maximum velocities which would
occur if the squally south-easterlies persisted for a whole hour, it is
necessary to determine O (lhr,t) / M(1hr) for these winds. This is
done by combining ¢~ (1 hr,600) / M{1lhr) for south-easterlies with the

value of ¢ (600,5) / M(600) for the squally south-easterlies using the
relaticn:

a(1hz,t) /M = [[r(lhr,aoo) /~l_72 + [f(eoo,e)/M_ﬂ ¢

Values of €= (1lhr,5) and ¢ (1hr,60), as gomputed, are given in Table 7.
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MEAN HOURLY
WIND SPEED

M(lhr)
kt

30
40
50
60
70
80
90
100

MEAN HQURLY
WIND SPEED

M(1hr)
kt

30
40
50
60
70
80
90
100

0.045%
600sec

1.35
1.80
2.2%
2.70
3.15
2.60
4.0%
4.50

0.016
600sec

0.48
0.64
0.80
0.96

1.12
1.28
1.44
1.€0

TABLE 8

SQUTH EASTERLIES

¢ (lhr,t)/M(1hr)

0.061 0.133 GC.177
300sec €0sec 30sec¢

g (lhr,t) knots

1.83 3.99 5.31
2.44 5.32 7.08
3.05 6.65 8.85
3.66 7.98 10.62
4.27 9.3 12.29
4.88 10.64 14.1¢
5.49 11.97 15.93
6.10 13.2 17.70

SQUTH WESTE RLIES

¢~ (1hr,t)/M(1hr)

0.035% 0.098 0.132
300sec €0sec 30sec

g (1hr,t) knots

1.0% 2.94 2.9€
1.40 3.92 5.28
1.7 "4.90 €.60
2.10 5.88 7.92
2.45 €.86 9.24
2.80 7.84 10.5¢
3.15 8.82 11.88
3.50 9.80 13.20

VAWES OF ¢ (lhr,t) JUNE 1960

0.228
10sec

6.84
9.12
11.40
13.68
15.96

20.52
22.80

0.148
10sec

4.44
5.92
7.40
8.88
10.36
11.84
13.32
14.80

0.240
%sec

7.20
9.60
12.00
14.40

'16.80

19.20
21.60
24.00

0.167
5 sec

5.01
6.€8
8.35

10.02
11.69
13.36
15.03
16.70



PROBABLE VAIUE OF THE MAXIMUM t SECOND MEAN WIND SPEED EXPECTED

TABLE 9

DURING ONE HOUR FOR DIFFERENT VALUES OF THE MEAN HOURLY WIND SPEED

STEADY
MEAN HQURLY
WIND SPEED

30.
40
50
60
70
80
90
100

STEADY
MEAN HOURLY
WIND SPEED

30
40
50
60
70
80
90
100

32
42
53
64
74
85
95
105

31
41
51
61
71
82
92
102

600sec

(53)

600sec

(51)

SCUTH-EASTERLIES

t
300sec €0sec
knots
33 38
44 51
55 (53) 64 (61)
66 77
76 30
87 102
98 115
109 128
SQUTH WESTERLIES
t
300sec 60sec
knots
32 36
42 48
53 (52) 60 (57)
63 72
74 84
84 96
95 108
105 121

30sec

43
57
71

100
114
128
142

(69)

30sec

40

66
80
92
1066
115
132

(65)

10sec

49
6€
82
98
115
131
147
164

(81)

10sec

43
57
71

9%
113
127
141

(72)

5sec

52

69

86(82)
103
120
138
155
172

Ssec

60 .
75 (74)
90

105

121

135

150

Wind speeds measured in Typhoon Mary are shown in parenthesis but
the south-westerly observations refer to only twenty four minutes of

observation.
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Using these values it is found that the maximum short period means
listed in Table 9 for south-easterlies should be increased by 6% to
obtain the values which would obtain if the squally type of flow per-
sisted for a whole hour. From the available data this would seem to be
an unlikely event, and Table 9 shows that the use of the average values
gives good results.

The probability of a mean hourly wind of any magnitude can be ob-
tained from Fig. 2, and by entering Table 9 at the appropriate mean
hourly wind speed the associated maximum short period means can be ob-
tained. The probability of extreme mean winds over any period from five
seconds to one hour can thus be determined.

SECTION V. CONCLUSION

Work on gust factors - Table 9 provides a set -~ and energy spectra
is still in hand, and until these analyses are completed it is too soon
to comment on the causes and periods of the observed eddy components.
In an effort to determine how much of the wind structure observed in
Typhoon Mary is due to topography, a quick-run recorder has been fitted
to the well exposed Dines anemometer on Waglan Island, where it awalts
the next typhoon.
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