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1. INTRODUCTION

During the four days from 28 to 31 May, 1982, a total of 653.9 mm
of rain was recorded at the Royal Observatory. The daily figures, measured
from midnight to midnight, are 179.0, 258.4, 11.C and 205.5 mm respectively
on these four days. A time sequence of the hourly rainfall is shown in
Pig. 1.

This report presents rainfall analyses of the rainstorms. In the
analysis of areal distribution of rainfall over south China, deta from
stations in China and Vietnam were used. HRainfall data obtained from
various stations in Hong Kong were used in the derivation of rainfall
intensity, spatial and temporal distributions, storm frequency estimations,
mass curves and depth-ares-duration relstionshiv.

Unless otherwise specified, all times used in this revort refer
to Hong Kong Time, which is 8 hours ahead of the Greenwich Mean Time (GMT).
Also, unless otherwise stated, the rsinfell figures refer to those recorded
at the Royal Observatory Headcuarters,

A brief summasry of the damage and losses czused bv the intense
rzinfall is given in Appendix 1.



2, COMPARISON Of RAINFALL RECORDS AT THE HOYAL OBSERVATQRY

The rainstorms did not break any of the rainfall records at the
Royal Observatory over durations ranging from 15 seconds to 4 days. The
4-day total (midnight to midnight value) of 653.9 mm renks the fifth
highest since 1884, and the 24-hour total of 394.3 mm ending 2t 10 a.m.
on 29 May ranks the sixth highest. In terms of frequency of recurrence,
the 4-dav total corresponds to a return period of about 30 years bssed on
the statistical results of Peterson and Kwong (1981). Table 1 gives the
rainfall amounts, their ranking and the estimated return periods of maximum
rainfall depths recorded over various durations of time.

The total rainfall over the four days constitutes about 85% of
the month's totzl of 767.4 mm which is 15T% above the average for May.



3. AAINFALL GVER SOUTH CHINA

Rainfasll distribution over south China during the period from
00 GMT (8 a.m.) 28 May to 00 GMT (8 a.m.) 1 June (Fig. 2) shows an srea
of highest rainfall near Hong Kong and Macau. As discussed by Cheng and
Yerg (1972), this is considered to be partly the result of topography as
Hong Kong rises abruptly from the sea and 78% of its ares is above 50
metres and partly due to its shape which protrudes into the South China
Sea an? therefore lacks protection from possible rain-producing weather
systems.

An infrared satellite picture taken at midnight, 28 May (Plate
1), shows no intense activity near Hong Kong. By 2 a.m. on 29 May,
separate'storm cells appeared close to the south China coast (Plate 2).
These cells rapidly developed into an area of thunderstorms within three
hours (Plate 3). By 8 a.m. the extent of high cloud overcast increased
further (Plate 4). The brightest shade in the cloud avreas indicates
cumulonimbus clouds wWith tops extending up to 14 000 m in altitude.

Satellite pictures taken at 00 s.m. and 2 a.m. on 31 May (Plates

5, 6) show convective activity a distance off the south China coast.
Eventually this line of convection intensified and affected the coast
(Plate 7).



4, SHORT-DURATIOR RAINFALL INTENSITY DURING THE rAINSTORMS

The methods of rainfall measurement in Hong Kong are described
in Appendix 2,

The locations of the Jardi 'instantaneous' rate-of-rainfall
recorders are : the Hoyal Observatory, King's Park, Airport Meteorological
Office and Tate's Cairn., The maximum instantaneous rates recorded during
the rainstorms are listed in Table 2 for each of the four days. Available
records indicate that the extreme maximum instantaneous rate of 264 mm/h
occurred at around 2,15 a,m. on 29 May, at the Royal Observatory. For the
purpose of comparison, intensity values exceeding 200 mm/h over the period
1981-1982 are listed in Table 3. Comparison with the maximum instentaneous
rates recorded during the May rainstorms (Table 2) shows that these values
are not infrequent.

Intensities over a duration of 15 minutes or more are estimated
from autographic charts, 15-, 30-, 60- and 120-minute rainfall maxima are
listed in Table 4 in order of decreasing rainfall totals over the 4-day
period, The maximum rainfall in 120 minutes, irrespective of the time of
occurrence, is plotted (Fig. 3) using supplementary data derived from the
network of telemetering tipping-bucket rain-gauges. The figure reveals
maxima over Junk Bay, Tai Mo Shan and Lantau Island, Rainfall intensity
minima were observed over Waglan, Cheung Chau, Sha Tin and the northern
part of the New Territories, For durations of 15 and 30 minutes, another
intense area was found over the southern part of Kowloon and the northern
part of Hong Kong Island.

With regard to the spatial variation of rainfall intensity (Table 4),
there are a few more points worth mentioning. Over a duration of 60 minutes,
the meximum rainfall amounts recorded at High Island East (107.0 mm from
0230 to 0330 H, 29 May) and at Shek Pik Reservoir (100.5 mm from 0030 to 0130 H,
29 May) are 48% and 40% respectively higher than that observed at the Roysl
Observatory (72.3 mm from 0125 to 0225 H, 29 May). Over a duration of 120
minutes, the value at Tai Po Tau (165.0 mm from 0400 to 0600 H, 29 May) and
at High Island East (154.0 mm from 0145 to 0345 H, 29 May) are 64% and 50%
respectively higher than that observed at the Royal Observatory. Over durations
of 15, 30, 60 and 120 minutes, the smallest of the maximum rainfall among
various stations are around 50% less than the corresponding values at the
Royal Observatory.

Location of local places mentioned in this section and in the
following sections are shown in Fig. 4.



5. RAINFALL OVER HONG KONG

Daily rsinfall smounts mentioned in this section are 24-hour
values ending a2t 3 p.m. on each day.

The following analyses of spatial and temporal distributions
of rainfall over Hong Kong were cerried out using data collected by all
rain-gauges.

The distribution of rainfall over Hong Kons in the month of
May 1982 is preserted in Fig. 5. Comparison with the mean distribution
for May (Fig. 6) reveals the general resemblance in the rainfall pattern,
with the exception of maximes appearing over Junk Bay, Cleasr Water Bay and
High Island associated with the May rainstorms.

The distribution of daily rainfall in each of the four days is
presented in Figs. 7 to 10. Rainfall totals over the four days (Fig. 11)
show that the nortrheastern side of Hong Kong Island, High Island, Mz On
Shan, Junk Bay, areas northwest of Tai Mo Shan (Kam Tin and Pat Heung),
Hei Ling Chau and Shek Pik received more than 700 mm of rain.

The evolution of 3~hourly rainfall distribution over the four
days are shown in #ig, 12(i) through Fig. 12(xxxi). Soon after 9 a.m.,
28 May (FPig. 12{iv)), thunderstorms spread in from the west, affecting
Lantau Isl=nd. In the afterncon, rainfall became concentrzted over Tate's
Cairn, Sai Kung and Hong Konz Islend (Fie. 12(v), (vi)). By the evening,
rain became less intense (Fig. 12(vii)). However, shortly before midnight,
development occurred agrin in the west (Fig. 12(viii)). In the early
morning of 29 May, rainfall became concentrated over Tai Mo Shan and High
Island (Fig. 12(x)). The rainfall distribution between 6 a2.m. and 9 =2.m.
(Fig. 12(xi)) shows maxima over the southeast, south of Lantau Islend,
Tai Mo Shan and arezs to its north. Rain started to abate after 9 a.m.
Only locaslized thunderstorms affected She Tin and the southeastern side of
Hong Kong Island (Figs. 12(xii), (xiii)). After 6 p.m., an area of rain
began to develop over Cheung Chau, Lammaz Island and the south of Hong Kong
Island (Fig. 12(xv)). This areas of rain died out after midnight.

Rain generally subsided on 30 May. The ereas which received the
most rainfall were Fan Ling »nd Sheung Shui, where only about 20 mm fell
from midnight, 29 May to midnight, 30 Mav (#igs. 12(xvii) to (xxiv)).

In the early morning of 31 May, rapid development occurred in the
east. Rainfall was concentrated first over High Islend and Waglen (Fig.
12(xxv)), then over Kowloon (rig. 12(xxvi)), Hong Kong Island and Lantau
Islend (Fig. 12(xxvii)). By noon, rainfall was concentrated over Lantau
and Sai Kung (Fig. 12(xxviii)). Rain continued and between 3 p.m. and
6 p.m., the rainall maximum was over the northern part of the New Territories
(Fig. 12(xxx)). Rain subsided after 6 p.m. (Fig. 12(xxxi)).

Mass curves, i.e. plots of accumulated rainfall versus time of day,
for the Royal Observatory, High Island East, Shek Pik Reservoir, Ta Kwu Ling
and Yuen Long are presented in Fig. 13, All sutogrephic st-tions includins
those not shown in Fig. 13 show rapid increasse in the rainfall soon after
the midnight of 28 May and after the micdnight of 30 May.



6. DEPTH-AKEA-DURATION ANALYSIS

Depth-area~duration analysis was carried out to determine if
there is any significant variation, both in time and space of the rainfall
pattern, at different locations of Hong Kong. The procedure of the
analysis follows recommendations in the Guide to Hydrological Practice
published by the World Meteorologicel Organization (1974).

The pertinent automatic recording stations were first listed in
a table (not shown) in order of decreasing msgnitude of total storm
rainfall, Accumulated values of rainfall were tabulated for each station,
using 6-hour increments. This is because the subsequent analysis carried
out for durations of 6, 12, 18, 24, 30, 36, 42 and 48 hours,

The next step was to examine the table and select the particular
6-hour period which had the largest of the 6-hour rainfall increments,*
For this particuler itime increment the values from all stations were then
listed, The period of maximum 12-hour rainfall was found similarly and
its rainfall listed., The same operation was applied to get the maximum
18=, 24«, 30-, 36-, 42- and 48-hour increments using 6-hour rainfall totals.
For periods embracing several 6-hour increments, a number of scans were
required to find the period which included the maximum rainfall for a
particular duration.

From the table, isohyetal maps of rainfall were prepared (not
shown) for each duration. The area bounded by each 50 mm isohyet was then
evaluated by the use of a planimeter. The average areal rainfall was
calculated using the following expression :

A e

¥l

where AR is the area bounded by two adjacent isohyets (or by the isohyet of
greatest depth in the case of a rainfall maximum) with a mean rainfall R.
The resulting average values were then plotted on a graph of area versus
depth, with a curve for each duration (Fig. 14). The enveloping depth-area-
duration values for each increment of area and duration were tabulated in
Table 5.

It should be noted that the present analysis was carried over land
and sea areas and for closed isohyets drawn around areas adequately covered
by the rain-gauge network. A separate analysis was conducted over land
area only and regardless of whether the isohyets were open or closed, as did
Chen (1969) and Cheng and Yerg (1979), and it was found that for the May
rainstorms the results differed by no more than 5% in general. For this
reason the results were compared to those of previous rainstorms,.

*+ In some instances, there might be more than one such period in which
there were comparable rainfall values and, consequently, comparable
depth-area values, It was then necessary to carry out several anelysis
and to draw an enveloping curve for depth-area curves of the same duration.
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Pig. 14 shows that as the area increasses from 100 sa. km to
1 000 sq. km, there is 2 genersl decrease in average depth of reinfall
of atout 100 mm for durations of 6 to 36 hours, and about 80 mm for
durations of 42 and 48 hours. This is much less thar the correspondine
figure o” 200 mn {or the rainstorms in June 1972, which is calculated
from the results of Cheng an? Yerg (1979). It could be inferred that
the gratial varistion of rainfall denth during the Mar 1982 rainstorms
was comparatively less th2n that of the June 1972 rzinstorm,

The maximum average rainfall amounts (Table 5) do not exceed
any of the corresponding values of the rainstorms in June 1966 (Chen
Py 8' \ b}

1909).



7. CORCLUSICNS

The May rainstorms did not break any of the rainfall records at
the Royal Observatory. The amount of 653.9 mm over the four days ranks the
fifth highest in the historical records.

Satellite imsgery depicts the rapid develooment of the intense
storm cells over the sea which spread over Hong Kong during the periods
between midnight, 28 May and 2 a.m., 29 May (Pletes 1 and 2) and between
2 and 5 a.m., 31 May (Plates 6 and 7).

Short-duration rainfall intensities recorded at the Roysl Observatory
are found to.be not infreguent (Table 1). The extent to which short-duration
rainfall varied over Hong Kong is illustrated bv the fact thst, among various
stations, the smallest of th2 maximum depths for durations from 15 t~ 120
minutes were atout 50% less than those recorded st the Royal Observastory, and
that the lsrgest of these maximum rainfall velues for durations of 60 and
120 minutes were 48% and 64% repectively higher thar those recorded st the
Roy=1 Observatory.

nesults of 2 depth-area-duration analysis show that the maximum
areal ra‘nT2ll depths did not exceed eny of the corresponding values for the
rainstorms in June 1955, When compared to the rainstorms in June 1972, there
wes less spatial veristion in the meximum average rainfall vealues.
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APPENDIX 1

A BRIEF SUMMARY OF DAMAGE AND LOSSES CAUSED BY
THE <ATNSTORMS IN MAY 1982

This summary has been compiled from informetion supplied by
various Government Depariments and public utility companies. Damage
reports in the local press were 2lsc examined and collected., Plates
8-13% illustrate some of the dem=ge caused by the rsinstorms.

During the rainstorms, 25 people were killed, 20 of which by
landslips. About 115 people were injured and more than 2 800 made
homeless. There were about 296 cazses of landslip, probably the worst
since 1976,

Severe flooding occurred in various parts of Hong Kong. Rivers
in the northwestern New Territories overflowed their banks and vest areszs
were inundeted. DParts of the New Territories were under flood water two
metres deep. The floods killed 700 000 he=ds of vpoultry and 10 000 pigs
and destroyed ahout 1 000 hectares of farmland. About 400 fish ponds
were destroyed, with 570 tonnes of pond fish and 2.3 million fish fry
lost. Bmergency grents vaid by the Governmenr* to farmers smounted to
HK82.S million.

The cost of damage to public works amounted to HK$56 million.
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RAINFALL MEASUREM:-T.T IN HONG KORNG

APPENDIX 2

Four types of rainfall measuring instruments are used in Hong

Kong :-

Type No. Mode of Mezsurement Location
Ordinary rain-gauge 81 Daily smount by manual method 211 over Hong Kong
Autographic tilting- 29 Continuous recording All over Hong Kong
siphon rasin-gauge automaticelly on chart
Autogrephic tipping- 2 Continuous recording Lirport Meteorologicel
bucket rain-gauge automatically on chart in Office, Wsglan Island

guantities of 0.5 mm
Automatic telemeterings| 22 Reporting by telemetry in 13 in Hong Kong Island
tipping~bucket gquantities of 0.5 mm 5 in Kowloon and 4 in
rain-gauge every 15 minutes the New Territories
Jardi rate-of-rainfall 4 'Instantaneous' intensity Royal Observatory,

recorder

recorded on chart

King's Park, Airport
Meteorological COffice,
Tate's Cairn

* as in May 1982.

Daily rainfall collected by an ordin-ry rain-gauge is measured
at % p.m. each day at all rainfall stations,
reported to the n=arest 0.1 mm.

The r2infall amount is

The recordin: chart on ar sutographic rain-gauge is mounted on
a drum which is driver by clockwork and moves around a vertical axis a
distance of atout 11,5 mm in an hour.

For a tilting-siphon rain-gauge, the rainwater in a collector
displaces a flo=zt so that a marking pen sttached tc the float moves on the
recording veper a verticel distance of 50 mm for every 25 mm of rain. A
tilting mechanism will empty the collector after 25 mm of rain hes fallen.
Rainfall can be read from the chart to the nearest 0.1 m..

11




Possible causes of inaccuracy in the rainfall readings have
been discussed by Peterson (1964). The only difference at present is
that the siphoning errcr in siphon gauges has been reduced to only 2%
by the replacement of natural siphon gauges by tilting-siphon gauges
in the 1970's. In view of the relative insignificance of the siphoning
corrections, they have not been applied tn any rair®»11 value. Rainfsll
data are routinely checked for inconsistency snd the procedure of
adjusting rainfall data, when necessary, is described bv Peterson (1964).
At some stations where there are two rain-gauges, normally one ordinary
and the other autographic, the daily rainfall normally refers to that
taken with the ordinery rain-gauge.

The two buckets in a tipping-bucket rain-gauge rest on a
pivot so that when tne bucket h=s received 0.5 mm of rain it tips and
allows the other to start collecting rainwater. During the tip, an
electrical switch is operated and a pulse is passed to a nearby suto~
graphic recorder or to a remote central station by telemetry.

For the telemetering tipping-bucket rain-gauges, rainfall
amount was reported every 15 minutes (changed to 5 minutes inJune 1983),
i.e. 4 times every hour. The error resulting from the use of 15-minute
rainfall rrom sll these gauges in evaluating running maxima over durations
of 60 and 120 minutes, for the heavy rain occasion of interest, amounts
to

Mean Possible Maximum Possible
Duration Brre» Error
60 min. 16.0% 26.0%
120 min. 4 .8% 7.7%

The error is found to be even greater for dur=tions less then 60 minutes.
For this reason, data collected by these rain-gauges are not used in
deriving ra‘nfz11 intensity over durations of 60 minutes or less.

The operation of a Jardi rate-of-rainfall recorder has been
expleined and investigated by Cheng (1971). It records the 'instantaneous'
intensity with a response time of 15 seconds. 1In other words, rainfall
of any intensity will have to persist for at least 15 seconds before it
can be fully registered by the recorder.

12
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Fig. 10 24 - hour rainfall map ending at 3 p.m. 31 May 1982
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Fig 12 (i) 3 - hour rainfall map ending at 0300 H.K. Time, 28 May 1982
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Fig. 13 Mass curves for various rainfall stations

55



AREA (km?)

2000

s 12 " 30 36 42 489 DURATION (HOURS)
1000
800
800
700
600
500
400
300~
200+
100
90 \
80
70 \ A
60
s0 ‘ \
\ \

LR

¥

LR

40

30 \ \ \
201 \ \ \

>N 01 OO0 O
T U0

i

DOTTED LINES INDICATE
SUBJECTIVE EXTRAPOLATION

w
|

1 | | | L I 1

100 200 300 400 500 600

MAXIMUM AVERAGE DEPTH OF RAINFALL (mm)

Fig. 14 Depth- area - duration curves of the May rainstorms

56



A2p 1TALD

(¢)
ano MO0’
Y #001D (2)
Aemmrv LUOMY PUs UOSJa18d AQ POUI<3qO0 SeNTeA WOIj PO 2wiilse 8ds SpOoTasd uangay ) 9T
¢e 4 G*q 2°56¢8 ounp s —Key Uige “ “
Ut G 8'9 6°¢49 181¢-4182 " 14
Ul o .n..@ 6 'YLy 1s81¢—436¢ " ¢
0 6 LYo 7oLy s Uibe=Uine SASp ¢
cdol ‘UL 4S. 0y UU LupewDed
e Ztpes 943 Aq pepesIxy oL - 8 UL 7°uGe 4367 Anv%m@ |
UL 9 02y AR HOO0U 13+ 0¢~HuUel Y362 " 9%
¢l o yeoy ¢t Tue HOCOL U36Z2—HOO0L 232 u ve
q 074 Byl Lgee HOOUL U362~HOUZZ U8l " 2l
S Ll 0°92 2302 HOOB0O=HO000 U362 u 8
q Ly a4 2281 HUOLO-HOULLO 1362 " ¢
g 0z 8¢e 0°G¢eL HOOS0—~HOOLO 4362 " 14
g ov 6%V 8*¢8 HO0% 0—HO010 U362 sanOY ¢
G 09 6°¢y 6°¢v HOUg 0—HC020 U362 vansog L
“ (28-L¥6L)¢ 1L 3°v¢ L eg L HOVSO 4362-HOV¢Z uUase " ove
G (28-Lv6L)LL ¥°06 L*00} HO¢$ 0-HO¢ LO U362 " 0zt
*286L ‘9L isnduny
uo y/um §°gy dYY uUsyy SSIT G - ¢zl ¢zl HGZ20-HGZ L0 U362 “ 09
G (2e-L¥61)6 9Ll ¢ o6 HGZ20-HGC LU U362 " 0¢
q (2a-Ly61)8 0*z2¢l 0°¢¢ HG2Z0-HOL20 U3be gejnutw Gy
"Zubl *GL gsudny U0 papIovaU
y/um gyz ouy £q pepeeOXW
*jxed s,Jul) 3& pPapIodayN G - L5 - HG220 U362 Spuooas ¢\
Ik ;
SHABUD @MHQW& wmormrwmr ﬂs\Esv AEEV 90 UBIINOD o auwT 9} uoTyean
A . APVCHsz: omMWmM®mw Ay isusqul AUnowe iejuley A4S 0 J FL % 94l 3 a

VILLY YW LVANNY SNOTATRd Boln QUFYAH0D 2861 AV LE—ul
ONIHNQ SEATTA awd SMEINT TIVe ATV NAWIXVIN ‘L HTEVL

57




TABLE 2.

MAXIMUM RATE OF RAINFALL RECC-DED BY
JARDI RECORDExS, 28-31 MAY 1982

28 May 29 May 30 Mey 31 May

Rate Rete Rate Rate

(mm/n) Time (mm/n) Time (mm/h) Time (mm/h) Time
roy=1 Qbservatory 182 13334 264 0215H 72 0302H 2.9 0%38H
King's Park
Meteorological 149 1422H 197 0225H 8 0142H 139 0549H
Station
Airport
Meteorologicael 150 1340H 239 0215H 60 02428 204 0328H
Orfice
Tatels Cairn 171 1349H 232 0521H unserviceable unservicesable
Radar Stetion ! - > Y




TABLE 3. INTENSITY VALUES EXCEEDING 200 mm/h AS RECORDED BY
JARDI oATE-OF-RAINFAIL <ECCRDExS I 1981-1982

Royal Airrnort
. ' : ' 1
Observatory King's Park Meteoro}oglcal Tete's Cairn
Cffice
* Intensity * 'Intensity * Intensity * tIntensity

Year Date (mm/h) Date (mm/h) Date (mm/h) Deate (mm/h)
1981 15 Mar 223 6 Jul 244 15 Mar 227 21 May 229
2% Jul 201 29 Sep 314 6 Jul 450 7 Jul 218
27 Jul 204 4 Sep 214 2% Jul 265
29 Sep 330 27 Jul| 234
1982 29 May 264 16 Aug 238 7 May 222 29 May| 232
31  May 228 29 Mey 239 7 Jul 304
31 Jul 242 31 Mey 204 3 Ahug| 204
1 Aug 270 1 Aug 204 16 Aug| 278
16 Sep 213 16 Aucs 204 16 Sep| 250

* Civil day
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TABLE 5., MAXIMUM AVEAGE DEPTH OF RAINFALL
DURING THEE RAINSTORMS IN MAY 1982

(Duration in hours)

Arez in 6 12 18 24 30 35 42 A8
sq. km

10 300 355 445 475 525 545 555 575
20 290 345 440 470 520 L 550 570
50 275 335 425 455 505 525 540 555
100 255 320 410 435 495 515 525 545
200 235 305 390 | 410 | 470 | 495 | 510 | 5%
500 200 265 350 370 430 455 475 80C

1 000 160 220 305 325 390 410 425 455




Flate 1,

Infrared imagery taken at midnight,

62

28 May

1982

ADoM= 0N 00 NO 020

s
I
e
L
gt

= Mk KM

e
- LI




1982
29 May

2 a,m,,

ry taken at

ge

d ima

Infrare

&y

Flate

63



'

0 O8N OO O Nen@0nBT GG
R

DNODND N=UEF =E X¢ =M

T
_..?\. |

29 May 1982

5a.m,,

at

taken

Infrared imagery

3

Plate

64



Flate 4,

Infrared imagery taken at
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Flate 5, Infrared imagery taken at midnight, 30 May 1982
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Infrared imagery taken at 2 a.m.,
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Plate 7. Infrared imagery takem at 5 a.,m., 31 May 1982
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Flate #, sandselip and fallen boulders on Tuen Mun Road

Flate 9. Close-up view of the landslip area on Tuen Mun Road
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Flate 10, Flooding in Kam Tin

Flate 11, Fleooding in Kwun Tong
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Flate 12. Damaged squatters in Lam Tin

Flate 173,

Flooding in the squatter area, Sau Mau Fing
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