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Tropical cyclones
• Tropical cyclones are also called Typhoons or Hurricanes

• They form where water temperatures are above 26 degrees. 

• They are driven by the release of large amounts of latent heat
which occurs when moist air is carried upwards and water vapor 
condenses.



Tropical cyclones

World wide tropical cyclone tracks from 1985 to 2005. 



Figure  6.7

• Pressure gradient:  
high pressure low 
pressure

• Pressure differences 
exits due to unequal 
heating of Earth’s surface

• Spacing between 
isobars indicates intensity 
of gradient 

• Flow is perpendicular to 
isobars

Air pressure 
gradients on 
earths surface



Coriolis effect on a rotating platform, as one person throws a ball to another person.

Freely moving objects on the surface of the Earth experience a 
Coriolis force, and appear to veer to the right in the northern 
hemisphere, and to the left in the southern hemisphere.

Coriolis affect



• Large low 
pressure cells are 
cyclones, (high 
pressure cells 
anticyclones)

• Air driven towards 
the centre of a 
cyclone due to 
pressure 
gradients gets 
deflected by 
Coriolis to spiral 
around the centre.

Cyclones



• Cyclone has convergence near ground but divergence at 
upper level.

• Anticyclone: divergence near ground, convergence at 
upper level.

Converge and divergence
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Water piling against the coast

Wind waves

Low pressure dome

Normal tidal 
range

What is storm surge?

Water accumulates against the coast

Strong winds cause large short period waves

Low pressure at the surface causes a dome of water

Storm surge

Storm surge

Coast

Ocean



Hong Kong

Cyclone 
Nargis’ 

path

Cyclone Nargis – 27 July - 3 May 2008

Tropical cyclone tracks from 1985 to 2005. 



Timeline to disaster
April 27 - the India 
Meteorological 
Department (IMD) 
classified the system as a 
tropical depression 

IMD upgrade it to cyclonic 
storm Nargis. 

April 28 - Nargis is nearly 
stationary and 
intensifying. That day the 
Joint Typhoon Warning 
Centre (JTWC) upgraded 
the storm to cyclone 
status.



Timeline to disaster
April 29 - JTWC estimated 
Nargis reached winds of 
160 km/h. IMD forecast 
landfall in Bangladesh or 
southeastern India. 
Cyclone becomes 
disorganized, weakened 
and heads northeast. 

April 30 – cyclone 
intensifies and heads to 
the east before turning 
northeast on May 1



Timeline to disaster
May 1 - Cyclone Nargis
began rapidly intensifying, 
due to the arrival of a new 
weather front. 

May 2 - JTWC estimates the 
cyclone reached peak winds 
of 215 km/h (135 mph) as it 
approached the coast of 
Myanmar

May 1, 2008, visible 
image from NASA's 
Atmospheric Infrared 
Sounder instrument on 
NASA's Aqua spacecraft
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Changes in intensity



Landfall and storm 
surge

May 2 - Cyclone Nargis
crossed the coast of 
Myanmar with winds in 
excess of 150km/hr, 
strong waves and a storm 
surge possibly up to 8m. 

Researchers from the 
University of Maryland 
suggest that Cyclone 
Nargis flooded about 
14,402 km2 in the 
Irrawaddy River Delta.

Gulf of 
Martaban



Flooding and 
destruction
The United Nations 
estimated in its report 
that 1.5 million people 
were "severely affected" 
by this cyclone.

The storm has killed 
77,738 people and left 
55,917 others missing 
and 19,359 injured, 
according to the latest 
official death toll from the 
United Nations.



This small village was 
located about 27 km 
south of Yangon, the 
country’s largest city. 

After the disaster, the 
trees and buildings are 
completely gone, 
replaced by messy piles 
of rubble.

The fields are largely 
submerged under brown 
and green floodwater. 

Flooding and 
destruction

Flooded fields

Destroyed 
villages

Ruined 
infrastructure
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http://earthobservatory.nasa.gov/NaturalHazards/natural_hazards_v2.php3?img_id=13581

(MODIS) satellite image on May 17, 2006, 
at 11:15 a.m. local time 

Typhoon Chanchu first formed as a tropical storm in the western 
Pacific on May 8, 2006, to the east of the Philippines. The storm 
reached typhoon strength on May 11 when it crossed the 
Philippines.

Typhoon Chanchu



Chanchu weakened over the 
Philippines but regained strength and 
developed powerful winds and a large 
cyclonic structure as it continued on a 
northwesterly track across the South 
China Sea towards Hong Kong and 
mainland China.



Times and heights of the maximum sea level and the maximum 
storm surge recorded at tide stations in Hong Kong during the 
passage of Chanchu

Quarry Bay, Maximum storm surge was 0.59 m, (6:11 am 17 May)

Shek Pik, Maximum storm surge was 0.67 m, (2:06 pm 16 May)

Tai Po Kau, Maximum storm surge was 0.77 m, (3:47 pm 17 May)

Tsim Bei Tsui, Maximum storm surge was 0.51 m, (7:15 am 17 
May)

HKO noted that minor flooding occurred in Sheung Wan as high 
tide together with storm surge brought sea levels to reach 2.8 m at 
the Victoria Harbour.

Storm surge from Typhoon Chanchu



Storm surges in Hong Kong
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The 1937 typhoon in Hong 
Kong killed almost 1% of the 
population. 

The associated storm surge 
was greater than 6m around 
Shatin and Tai Po.

New towns such as Shatin are 
now engineered against such 
potential events. 

What about older areas?

The Great Hong Kong 
Typhoon of 1937
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New reclamations like 
Shatin and Mai Po are 
engineered against storm 
surges

The old v the new

Low lying areas like the 
older reclamations around 
Hong Kong island and 
Kowloon are less prepared





> 1mm/yr

> 1.5mm/yr

>-2mm/yr Map of LAND 
USE from Boulton
et al, 2002

1.4m contour

0.4m contour

SUBSIDENCE and ELEVATION (Huang et al., 2003)

Pearl River Delta

~ 40% of the PRD is less 
than 2m above sea level

~ 25% of the PRD is less 
than 0.5m above sea level
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