Part 1 — Impact of historical storm surge in Hong Kong
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Hong Kong is situated on
the coast of southern China
facing South China Sea

On average, about 6-7
tropical cyclones affect

Hong Kong each year : . Hong Kong

Vulnerable to sea flooding

due to storm surge caused South China Sea :
by approaching tropical

cyclones

Historically, the storm surge
in 1906 and 1937 brought
great causalities
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Typical track of tropical cyclone from the Pacific Ocean
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Typlcal track of recurving tropical cycione.
' S Tropical cyclones may recurve at any time of
Typical track of tropical : o J the year but those occurring before June ot
tydone causing gales or o B 7 after September generally recurve at lower
even hurricane force winds A : R atitudes,
In Hong Kong : ;

Tvpical track of tropical
cyclone causing strong
wands in Hong Kong
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Meaning of signals

A A tropical cycone i centred within about 800 kilometres
(km) of Hong Kong and may affect the territory.
3 Strong wind Is expected or blowing generally n Hong Kong
near sea level, with a sustained speed of 41-6 kilometres per
hour (km/h), and gusts which may exceed 110 km/h, and the
‘wind condition Is expected to persist.
@ ale o storm force wind i expected or blowing generaly in
Hong Kong near sea level, with a sustained wind
63137 ki from he quarier Incicated and gusts whin may
excead 180 km/h, and the wind condition Is expected to
persist

@ Gale orstom force wind s Increasing or expeced o Increase

significantly in strength.

A Hurricane Torce wind is expected or blowing with sustained
speed reaching upwards from 118 kmvh and gusts that may
exceed 220 kmih.

Important points to note
« The weather in different parts of Hong Kong cannot be simply
inferred from the signal Vsmed Simply knowing what signal is
take note of the latest tropical
«cyclone information and mmeu announcements broadcast on
radio and TV, and given in the Hong Kong Observatory's Intemet
website (http/www.hko.gov.nk and hitp:/Awww.weather.gov.hky
-and Dial-a-Weather system (Tel. No.: 1878 200) to decide on the
actions to take in response to the signal issued.
. Tmpl(al «cyclone warning signals are to warn me public of the
reat of WINDS associated with a tropical cyclone
= Owing to local topographical conditions or the presence of
buildings nearby, winds at your locality may be

Tropical Cyclone warning
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different from the general wind strength over Hong Kong. Winds
are often stronger over offshore waters and on high ground.
‘Winds are less strong In areas sheltered from the prevalling wind
direction.

= The Hong Kong Observatory provides to the public detailed
information on regional wind and rain through a diversity of
channels, especially the Internet. Members of the public should
consider thelr own circumstances and level of acceptable risk when
aking precautions In response to warnings.

= When the No.1 signal Is Issued, you should take the existence of
the troplcal qyone into account in planning your adtities and
beware that strong winds may occur over offshor

« When the No.3 signal s issued, secure all loose objects, particularly
‘on balconies and roof tops. Secure hoardings, scaffoldings and
temporary structures. Winds are normally expected to become
‘generally strong in Hong Kong within 12 hours after this signal is
issued. Winds over offshore waters and on high ground may reach
gale force.
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= When the No.9 or No.10 signal is issued, all precautions should be:
completed. Stay Indoors and away from exposed windows and
doors to avoid flying debris.
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Hong Kong's
Tropical Cyclone
Warning Signals
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Tropical Cyclone Plotting Map
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When plotting the track of the centre of a tropical cyclone, it Is
i e ST rm erratic depar

2~

partly due to short term fluctuations in the direction and speed of
movement of the. 3

The direction towards which a tropical cyclone is moving and the

bearing of Its centre from Hong Kong are each given to the nearest

point of a 16-point compass bearing. Thus the actual bearing will be

Within 116" of the R AT e e
ny bea

101° and moving on any.
heading between S0 o 281 ncaid t bt “caied. - aosof Hong
Kong and moving west.....” It will be seen that this statement does.

not necessarily mean that the centre s heading directly towards Hong
Kong as Its course could be as much as 22° off the direct “collision”
course.



Tropical cyclone warnin
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TROFICAL CYCLONE BULLETIN (SIGNAL NO. 8)[R]

[R]
HOUELY TC WARNING BULLETIN (URGENT)[R]

Tropical Cyclone Bulletin

Here iz the latest Tropical Cwclone Bulletin izsued by the
Hong Eoneg Obzervatory.

The No. 8 Northeazt Gale or Storm Signal iz in force.

Thiz meanz that windz with mean speeds of 63 kilometres per
hour or more are expected from the northeast guarter.

4t midnight, Typhoon Hagupit was centred abount 200
kilometres south-zounthwest of Hone Eong (near 20.% degrees
north 113.1 degreez eazt) and iz forecast to move west or
west-northwest at about 28 kilometrez per hour heading
towards the weztern coast of Guangdong.

Hagupit iz zkirting pazt to the southwest of Hong KEong. It
will remain at a distance of about 200 kilometres from Hong
Eong in the next few hours. The No.8 Gale or Storm Signal
will be in force throughout the overnight period.

Owing to the combined effect of Hagupit and high tide,
tidez at many places are currently running more than |
metre above normal. The tide iz higher than normal by

about 1.6 netrez at Tai Po Eau, and about 1.3 metres at
(uarry Bav. Flooding iz expected owvernight in low lving
Areas.

In the pazt hour, the maximom suztained wind zpeeds
recorded at Chek Lap Kok and Cheung Chau were 30 and 112
kilometres per hour respectively.

Storm Surge Report



Tracks of typhoons requiring the issuing of the Hurricane
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Storm Surge




Causes of storm surge by Tropical Cyclone
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Pressure is relatively low at Sea level higher than normal
the centre of tropical cyclone Sl i a\‘
Pressure \l/
High winds pile up sea

water against the coast
Sucking up of sea level \

Normal sea level

Sea level

Low pressure High winds
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storm surge = recorded sealevel — predicted astronomical tide

Height
(m) Recorded Sea level

Time (hour)

(. L

ﬁ” Hong KoNG OBSERVATORY




Tropical Cyclone Tracks For The Top 20 Storm Surge Records at Quarry Bay/North
Point Tide Gauge Station (1954-2015)
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Historical destructive Storm Surges in
Hong Kong
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Historical destructive Storm Surges in Hong Kong

phoon of 1906

y

A typhoon struck on 18
September 1906,

causing the loss of more than
15,000 lives

( Courtesy Hong Kong
Museum of History)

* In the morning of 18
September 1906

* Suddenly arrived gales and
storm surges of the
typhoon

* QOver 10,000 people were
killed. It was a shockingly
high figure for a small
community of less than
450,000 people at that
time.

Connaught Road Central during the
AR =0xxs typhoon on 18 September 1906

@D Horia KonG OBsERVATORY (Courtesy Hong Kong SAR Public Records Office)



Historical destructive Storm Surges in Hong Kong

Typhoon of 1937

* Villages along the coast of
Tolo Harbour were

severely flooded
The railway track at Sha Tim
damaged by a typhoon in 1937.
(Courtesy Hong Kong SAR

* Thousands of lives were bublic Records Office)

lost, mostly fishermen who
were living in their boats.

*  The high water markin the
area left by the typhoon
was estimated to be about
6 metres, which meant a
surge of about 3.8 metres

* Over 10,000 people were
killed in each incident

A =% xs ,
v’ Hore Kor: OBSERVATORT Connaught Road Central during the
typhoon on 18 September 1937.

(Courtesy Hong Kong SAR Public Records Office)




Historical destructive Storm Surges in Hong Kong

*  Typhoon Wanda, which killed 183 ™ 20 . e
people in 1962, claimed the third 4 / ?{/
deadliest typhoon in Hong Kong since A
1884 " - 3 4 "

* Highest average wind speed : 234
km/h ( max gusts : 259 km/h )
recorded by HKO

* Lowest pressure recorded : 953.2 hPa

i

* In post- war years, the highest storm
surge of 1.77m recorded at Victoria
Harbour in September 1962

"e

*  Maximum sea level recorded was 3.96
metres

N
) HONG KONG OBSERVATORY




Damages caused by Wanda

TR

Damaged by typhoon Wanda . Severe flooding at Sha Tin 1962
Courtesy Hong Kong SAR Information Services Department Courtesy Hong Kong SAR Information Services Department
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Historical destructive Storm Surges in Hong Kong

* The tide gauge at Tai Po Kau recorded a

about 3.2 metres
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yphoon Utor (2001) . 112°E 1FE

24°Nf . 124°N

Significant storm surge in Hong
Kong ;
23N} _ | 23N

Both the tide gauges at Tsim Bei
Tsui and Quarry Bay registered a

. 22°N| 22°N
maximum surge of about 1.1 metres.
Coupled with the astronomical high -
tide, sea levels reached 3.4 metres - o = T — o
at Quarry Bay in that morning.

Track of Typhoon Utor in July 2001
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Storm surge caused by Typhoon Utor
iINn 2001

( Courtesy Apple Daily )
flooding to the northwestern part of

the New Territories and Tai O of Lantau ¢ €'€ flooding in Tai © on 6 July 2001
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Recorded sea level at Tsim Bei Tsui during the TC Utor in 2001
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8  [Super Typhoon IDA
9  [Super Typhoon RUBY 314
1979 8 [Super Typhoon HOPE 10 2.78
2008 9 [Severe Typhoon HAGUPIT 8 3.53
1957 9 |[Severe Typhoon GLORIA 10 3.08
1993 6 [Severe Typhoon KORYN 8 2.61
1964 8 [Super Typhoon IDA 9 2.86
1974 10 |Typhoon BESS 3 3.13
1989 7 |Super Typhoon GORDON 8 3.27
1954 7  |Super PAMELA 9 2.83
2001 7 |Typhoon UTOR 8 3.38 3.47
2012 7 |Severe VICENTE 10 2.76 3.09
1960 6 |Typhoon MARY 10 2.77
1968 8 |Typhoon SHIRLEY 10 2.79 2.85
2003 7 |Super Typhoon IMBUDO 8 2.75 2.66
1965 7  |Super Typhoon FREDA 8 2.99 2.90
1997 8 |Tyhoon VICTOR 9 2.76 2.73
1978 8  [Severe Tropical Storm ELAINE 8 2.76 2.90
1971 7 |Super Tyhoon LUCY 8 2.91 2.82
: Maximum storm surge and |eve| recorded
in Hong Kong during the passage of‘tropica ones between 1954 and 2015
A =% xs
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Typhoon Year Maximum storm surge at Maximum sea level at | Number of
name Victoria Harbour Victoria Harbour deaths
(above astronomical tide) (above Chart Datum)
(m) (m)
- 1906 1.83 3.35 ~15,000"
- 1937 1.98 4.05 ~11,000°
Wanda 1962 1.77 3.96 183
+ estimated by numerical model * according to press reports

~ based on tide pole observations, field surveys or reports of local residents.

gauge network in Hong Kong started in 1952,

The operation of tide




in Hong Kong from 1960 to 2015
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Number of casualities (including missing persons) caused by Tropical Cyclones
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Characteristics of storm surges in Hong Kong
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Characteristics of storm surges in Hong Kong

Direction of Direct hit
TC to Hong

Kong

Subtotal 3 14 2 1

Mean storm 1.18 1.29 1.06 1.09
surge(m)

Tracks of 20 tropical cyclones causing
highest storm surges at Quarry Bay




Direction of Direct hit

TC to Hong

Kong

Subtotal 4 13 1 2 1
Mean storm 1.92 1.55 1.4 1.37 1.78
surge(m)

Cotonal Wx Crams

e
TC Trck Searchng Syvem

——

CEINTRM.IIESTEHI

[

Tracks of 20 tropical cyclones causing
highest storm surges at Tai Po Kau



n Hong Kon
0.5 to 1.0 metre.

=

* In extreme conditions, the water level could exceed the
tide level by more than 3 metres, bringing sea flooding to
coastal low lying areas.

« Storm surges higher:

Quarry Bay : TC to the S of HK
Tal Po Kau : TC to the N of HK
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Storm surge Monitoring

To monitor and warn storm surge, the following
information is required:

* real-time sea level data;
* predicted astronomical tides;
* predicted storm surges.
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Real time tide gauge network in Hong Kong
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Marine Department
Tidal Information on 2016-10-08 07:55
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Hydrographic Office

Tidal Information

Hon KonG OBSERVATORY
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Predicted astronomical tides

\

Based on the tidal records, the
Observatory  prepares  tidal
predictions for the tide gauge
stations by applying a harmonic
analysis of the data.
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SLOSH (Sea, Lake and Overland Surge from Hurricane)

* Determining the potential surge fo

* Adopted at HKO since 1994
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SLOSH - Hong Kong Basin

Output

» Storm Surge- Display period from 18 hours before and up to 24 hours
after the time of closest approach of TC

Accuracy - generally within £ 20 % of peak storm surge
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Radius of maximum winds (Storm size)

# Radius of maximum winds (r)

* distance from TC centre to
location of maximum winds. In
well-developed TCs, the radius
of maximum winds is generally
found at the inner edge of the
eyewall.

*(( )

r’’ may be estimated from EIR
images or NOAA Multiplatform
Satellite Surface Wind Analysis.
Uncertain for cases with no eye.

P (. LLESe:
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NOAA RAMMB Multiplatform
Satellite Surface Wind Analysis

y 3 H

T. Rammasun
2332716 Jul 2014
(16.4N 115.8E),
no eye

SuperT Usagi
1132Z 20 Sep 2013
(20.2N 123.7E)
(r~o0.2deg. lat.,
but subjective)




Factors that influence Storm Surge

Central Pressure — minimal contri

¢ Storm Intensity
¢ Size —alarger storm will produce higher surge
* Storm Forward Speed - a faster storm will produce higher surge

* Angle of Approach — move onshore perpendicular to the coast is more likely
to produce higher surge

* Shape of the Coastline — [andfall on a concave coastline will produce higher
surge

*  Width and Slope of the Ocean Bottom -
*  wide and gentle sloping continental shelves
*  will produce high surge

N
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Locations for which storm surges are

estimated by the SLOSH
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SLOSH products

TSIM BEI TSUI HETGHT [N METERS ABOVE C.D.

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

17 18 19 20

21 22 23 24 12 13 14 15 16 17 18 20 21
(STARTING: 3 JUL 2001) GREEN: SURGE
BLUE : SURGE + ASTROMONICAL TIDE

RED : ASTRONOMICAL TIDE




pit (2008) “

#  Significant storm surge in Hong Kong

Severe Typhoon Hagu

* The combined effect of the storm surges of Hagupit and high tides
resulted in a maximum sea level of 3.53 metres at Quarry Bay

* The highest since Typhoon Wanda in September 1962.

* At Tai Po Kau, the maximum sea level was 3.77 metres and was the
highest there since Typhoon Hope in August 1979.

N
) HONG KONG OBSERVATORY



SLOSH Display Program (NOAA)

_2008.rex

Storm: Di/slosh.pkg/sloshdsp/rexfiles/nnHagupi

File Display Change-Basin Select-Storm Animate Tides Download Help

Basin: China (Hong Kong)

Configure Layers
# User
Units

]

Scales

H Surge
@ [ lakes.shp
[0 71/ roads_limitedaccess
: Envelope of
ds_highway.shp h Vater
ivers.shp

# []I urbanareas.shp

| » =

<
Lat: 22.2949N  Lon: 114.2005E

(28,73)

A =% x4
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Sea Level in Victoria Harbour during
the Passage of Typhoon Hagupit in September 2008

40 r
35
— Recorded sea
3o level
g 25
':E." 20 = Astrononmical
;_’; 1.5 tide
3 10
0.5 —— Storm surge
0.0
0.5
0 6 12 18 0 6 12 18 Time (hours)
239 24/9 Date
AR =nxxa
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Verification of SLOSH

o

SLOSH forecast error =

SLOSH storm surge — actual storm surge

Based on best TC tracks prepared by HKO from
the post-storm analysis

Qs xs
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Verification results of SLOSH model

"IIIIIIIIIII--...-__‘>

Mean 0.04
Standard deviation 0.36
Pearson correlation 0.87

Regression formula y =1.2704X - 0.1653

Total 187
Max 1.95
Min -0.76
RMS 0.37

Statistics on forecast errors of SLOSH storm surge model
(based on the data from 1947 to 2015)
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* Simple linear regression equation:
y =1.2704X — 0.1653

* Correlation coefficient:
0.87

SLOSH (m)
L
=

2.00

1.00

0.00

-1.00

Observed (m)

A mxxs
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Precautions against storm surge

\

* Stay away from the coast and reach for high ground during
the approach of tropical cyclones.

* If you live or work in coastal areas, listen to radio or TV
broadcast for warning of high sea levels.

* Contact your nearest police station in emergencies
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# Storm surge:  Abnormal rise o
accumulation of sea water near the coast due to
tropical cyclone (TQ)

* The Observatory has attempted to forecast storm
surge since 1960s, used the SLOSH model since 1994
(r.m.s.e.=0.37m)

* Higher storm surges:
1. TC with lower central pressure or faster speed;
2. TC tracking to the south of HK.
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Thank you
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