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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 
 

 Vulnerable to sea flooding 
due to storm surge caused 
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  



Tropical Cyclone warning  



Tropical cyclone warning bulletin  

Storm Surge Report 



Tracks of typhoons requiring the issuing of the Hurricane 
Signal No.10 since 1956  



Storm Surge 



Causes of storm surge by Tropical Cyclone  

    Low pressure  High winds 



Storm surge 

storm surge = recorded sea level – predicted astronomical tide 
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Tropical Cyclone Tracks For The Top 20 Storm Surge Records at Quarry Bay/North 

Point Tide Gauge Station (1954-2015) 

 



NE’ly wind 

SE’ly wind 

Tai O  

Tolo Harbour 

Victoria Harbour 



Historical destructive Storm Surges in 
Hong Kong 



Typhoon of 1906 
 
 In the morning of 18 

September 1906 
 
 Suddenly arrived gales and 

storm surges of the 
typhoon 
 

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

Historical destructive Storm Surges in Hong Kong 

A typhoon struck on 18 

September 1906, 

causing the loss of more than 

15,000 lives  

( Courtesy Hong Kong 

Museum of History) 

Connaught Road Central during the 

typhoon on 18 September 1906 

(Courtesy Hong Kong SAR Public Records Office) 



Typhoon of 1937 
 

 Villages along the coast of 
Tolo Harbour were 
severely flooded 
 

 Thousands of lives were 
lost, mostly fishermen who 
were living in their boats. 
 

 The high water mark in 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 

Historical destructive Storm Surges in Hong Kong 

The railway track at Sha Tim 
damaged by a typhoon in 1937.  
(Courtesy Hong Kong SAR 
Public Records Office) 

Connaught Road Central during the 

typhoon on 18 September 1937. 

(Courtesy Hong Kong SAR Public Records Office) 



Super Typhoon Wanda ( 1962) 
 
 Typhoon Wanda, which killed 183 

people in 1962, claimed the third  
deadliest typhoon in Hong Kong since 
1884  
 

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

 Lowest pressure recorded : 953.2 hPa  
 

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

 Maximum sea level recorded was 3.96 
metres 

 

Historical destructive Storm Surges in Hong Kong 



Damages caused by Wanda 

Damaged by typhoon Wanda . 
Courtesy Hong Kong SAR Information Services Department 

Severe flooding at Sha Tin 1962 
Courtesy Hong Kong SAR Information Services Department 



 



Super Typhoon Hope (1979) 

 The tide gauge at Tai Po Kau recorded a maximum surge of 
about 3.2 metres 

 

Historical destructive Storm Surges in Hong Kong 



Typhoon Utor (2001) 
 

Significant storm surge in Hong 
Kong 
 
Both the tide gauges at Tsim Bei 
Tsui and Quarry Bay  registered a 
maximum surge of about 1.1 metres. 
 
Coupled with the astronomical high 
tide, sea levels reached 3.4 metres 
at Quarry Bay in that morning. 
  
 
 

Track of Typhoon Utor in July 2001 
 



Storm surge caused by Typhoon Utor 
in 2001 

flooding to the northwestern part of  

the New Territories and Tai O of Lantau 

（Courtesy Apple Daily） 
 

Severe flooding in Tai O on 6 July 2001 

Tsim Bei Tsui 

Tai O 



 
Recorded sea level at Tsim Bei Tsui during the TC Utor in 2001 

Storm Surge 1.1 m 



1962 9 Super Typhoon WANDA 10 3.96 5.03 1.77 3.20

1954 8 Super Typhoon IDA 9 3.18  1.68  

1964 9 Super Typhoon RUBY 10 3.14 3.54 1.49 2.96

1979 8 Super Typhoon HOPE 10 2.78 4.33 1.45 3.23

2008 9 Severe Typhoon HAGUPIT 8 3.53 3.77 1.43 1.77

1957 9 Severe Typhoon GLORIA 10 3.08 1.34

1993 6 Severe Typhoon KORYN 8 2.61 3.01 1.34 1.46

1964 8 Super Typhoon IDA 9 2.86 3.63 1.31 2.16

1974 10 Typhoon BESS 3 3.13 3.22 1.23 1.13

1989 7 Super Typhoon GORDON 8 3.27 3.31 1.20 1.36

1954 7 Super PAMELA 9 2.83  1.16  

2001 7 Typhoon UTOR 8 3.38 3.47 1.12 1.35

2012 7 Severe VICENTE 10 2.76 3.09 1.11 1.47

1960 6 Typhoon MARY 10 2.77  1.10  

1968 8 Typhoon SHIRLEY 10 2.79 2.85 1.09 1.78

2003 7 Super Typhoon IMBUDO 8 2.75 2.66 1.02 1.05

1965 7 Super Typhoon FREDA 8 2.99 2.90 1.01 1.01

1997 8 Tyhoon VICTOR 9 2.76 2.73 1.01 0.70

1978 8 Severe Tropical Storm ELAINE 8 2.76 2.90 0.99 1.15

1971 7 Super Tyhoon LUCY 8 2.91 2.82 0.97 1.40
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Maximum storm surge and sea level recorded  
in Hong Kong during the passage of tropical cyclones between 1954 and 2015 







Characteristics of storm surges in Hong Kong 



Characteristics of storm surges in Hong Kong 

Direction of 
TC to Hong 
Kong 

N S W Direct hit 

Subtotal 3 14 2 1 

Mean storm 
surge(m) 

1.18 1.29 1.06 1.09 

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

Quarry Bay 



Direction of 
TC to Hong 
Kong 

N S W E Direct hit 

Subtotal 4 13 1 2 1 

Mean storm 
surge(m) 

1.92 1.55 1.4 1.37 1.78 

Tracks of 20 tropical cyclones causing  

highest storm surges at Tai Po Kau 

Tai Po Kau 



 In Hong Kong, most storm surges would have a height of 

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  

    Tai Po Kau : TC to the N of HK 

 



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

 

 real-time sea level data; 

 predicted astronomical tides; 

 predicted storm surges. 

 

Storm surge Monitoring 



Real time tide gauge network in Hong Kong 



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. 



Storm Surge Prediction 



• It is a computerized model developed by the 
National Weather Service (NWS) to estimate storm 
surge heights and winds resulting from historical, 
hypothetical, or predicted hurricanes. 

 

• Determining the potential surge for a location 

 

• Adopted at HKO since 1994 

SLOSH (Sea, Lake and Overland Surge from Hurricane) 
 



SLOSH - Hong Kong Basin 

• Topography 
• Bathymetry 
 
 
 
 
 
 
 
 
 
 
 
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 

 
 
 
 
 

HK Basin 

Input to SLOSH includes 6-hourly values 
from 48-hr before to 24-hr after time of 
closest approach to HK (13 points) of the 
following: 
• TC latitude and longitude 
• TC min. central pressure 
• storm size  (Radius of maximum winds ) 

• Tide offset 

Resolution: 1 km near coast, 
7 km open sea 



 
 

 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. 

T. Rammasun 
2332Z 16 Jul 2014 
(16.4N 115.8E), 
no eye  

 

NOAA RAMMB Multiplatform 
Satellite Surface Wind Analysis  

Radius of maximum winds (Storm size) 

SuperT Usagi 
1132Z 20 Sep 2013 
(20.2N 123.7E) 
(r ~ 0.2 deg. lat., 
but subjective) 



• Central Pressure – minimal contributor 
 

• Storm Intensity 
 

• Size – a larger 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 – landfall 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 

 

Factors that influence Storm Surge 
 



Locations for which storm surges are 

estimated by the SLOSH   



SLOSH products 



Maximum 
sea level 

SLOSH products 



Severe Typhoon Hagupit (2008)  
 

 Significant storm surge in Hong Kong 
 

 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. 
 

 

Case study 



SLOSH Display Program (NOAA) 



 



Recorded Predicted Diff % Error  

QUB 1.43 1.40 0.03 2.1 

TPK 1.77 1.58 0.19 10.7 

TBT 1.46 1.68 -0.22 -15.0 

Hagupit 2008 



Verification of SLOSH 

SLOSH forecast error  =   

    SLOSH storm surge – actual storm surge 

 

Based on best TC tracks prepared by HKO from 

the post-storm analysis 



Verification results of SLOSH model 

Statistics on forecast errors of SLOSH storm surge model 

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  

                 (based on the data from 1947 to 2015) 



 Simple linear regression equation﹕ 
 y = 1.2704x – 0.1653 
 
 Correlation coefficient: 
 0.87 

 



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 



Summary 

 Storm surge:  Abnormal rise of sea level and 
accumulation of sea water near the coast due to 
tropical cyclone (TC) 

 
 The Observatory has attempted to forecast storm 

surge since 1960s, used the SLOSH model since 1994 
(r.m.s.e. = 0.37 m) 

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



 

                            Thank you 


