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What is Climate ?   What is Weather ?

“Climate is what you expect; weather is what you get.”
by  Robert A. Heinlein 

• Weather is the day-to-day state of the atmosphere

• Climate describes the long-term character of all 
weather variations – the ‘expected’ weather

• Climate ≈ average of weather



United Nations Framework Convention on Climate 
Change (UNFCCC)

"Climate change" means a change of climate which is 
attributed directly or indirectly to human activity that alters 
the composition of the global atmosphere and which is in 
addition to natural climate variability observed over 
comparable time periods.
(UNFCC  Article 1.2,  UNITED Nations 1992)

Definition of Climate Change

Intergovernmental Panel on Climate Change (IPCC) 

Climate Change refers to any change in climate over time, 
whether due to natural variability or as a result of human 
activity. 



(Source: IPCC)

The world has been warming faster & faster !
In the last 100 years, global average surface temperature rose by 0.74 oC and 
the rate of warming has accelerated in the last 50 years. 



Annual mean temperature trend in 1979-2005
Temperature has been rising in almost all regions, larger rises are 
observed in high-latitude than low-latitude areas, and in land areas than 
oceans

degree/decade 
(white crosses represent trends are statistically significant at 5% level, areas in grey represent not having enough 
data for computation of reliable trends)

(Source: IPCC)



(Source: IPCC)

Northern Hemisphere Temperature Reconstructions



To face where no man has faced before!

(Source: IPCC)

Atmospheric N2O concentration
Atmospheric CO2 concentration
Atmospheric CH4 concentration
Variation of deuterium δD
Benthic δ18O marine records 

Atmospheric CO2 concentration level in 2007 :  about 380 ppm



(Source: IPCC)
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Diminishing Greenland Ice Sheet

(Source: NASA)
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Diminishing Greenland Ice Sheet

• Greenland Ice Sheet : ice covering 1.71 million km², roughly 80% of the 
surface of Greenland. 

• Second largest ice body after Antarctic Ice Sheet.

• Ice sheet is almost 2,400 km long (N-S) and greatest width is 1,100 km 77° N.

• Mean altitude of ice is 2.135 km and over 3 km at thickest point. 

• Not the only ice mass of Greenland – isolated glacier and small ice caps
cover between 76,000 and 100,000 km2 around the periphery. 

• Some scientists believe - the entire ice sheet may melt in a few hundred 
years because of global warming. 

• If all 2.85 million km³ ice melted, global sea level would rise of 7.2 m.

• Would inundate most coastal cities and remove some island countries 
e.g. Tuvalu & Maldives. 



Sea level rise

blue：tidal gauge data
red：satellite data

Global mean sea level has been rising at 1.8 mm per year in 1961-2003. 
The rate of sea level rise is higher at 3.1 mm per year in 1993-2003.

(Source: IPCC)
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Recent trends, assessment of human influence on the trend and projections for 
extreme weather events for which there is an observed late-20th century trend.

(Source: IPCC)



IPCC Terminology

(Source: IPCC)



greenhouse gases 
GHGs

partly absorbed

re-emitted 
infra-red

Sun

Earth

visible

infra-red

Greenhouse Effect

Ave SF Temp 15°C
(without GHGs  -18°C)

Greenhouse gases (GHGs) in the Atmosphere include carbon dioxide (CO2), nitrous oxide (N2O), methane
(CH4), chlorofluorocarbons (CFCs) , ozone (O3) and water vapour (H2O)

Heat-trapping GHGs 
act like a blanket and 
keep the surface and 
the lower atmosphere 
warmer than it would 
be without them.



(Source: IPCC)



GHGs concentration in the last 20000 years

(Source: IPCC)



Rising trends of GHGs since 1750
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Since 1750, the concentrations of global atmospheric 
carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 
have risen sharply due to human activities

(Source: IPCC)



(a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 
(b) Share of different anthropogenic GHGs in total emissions in terms of carbon dioxide equivalents (CO2-eq) in 2004. 
(c) Share of different sectors in total anthropogenic GHG emissions in 2004 in terms of CO2-eq. 

(Forestry includes deforestation.)

Production of GHGs due to human activities 
Burning of fossil fuels and long term deforestation have been increasing the 
concentration of GHG in the atmosphere, thickening the greenhouse blanket

(Source: IPCC)



Vehicle exhausts : O3

Waste dumping: N2O

Cattle rearing: CH4

Power plants, industry: CO2

Production of GHGs due to human activities 



CO2 is the main contributor responsible 
for climate change

CO2 concentration in atmosphere 383 ppm in 2007 is far higher than the natural range 
over the last 650,000 years and is growing faster than ever in the last few decades.

(Source : NOAA) 



The Carbon Cycle

(Source : UCAR) 

The energy that we are 
using originated from 
the energy of the sun 
millions of year ago.

We use up in one year  
what it takes nature 
millions upon millions 
of years to reserve for 
us!



Causes of Climate Change

Natural factors 

• Solar activity,
• Volcanic gases 
• Dust in the atmosphere (aerosols)
• Distribution of heat in the ocean

Anthropogenic (human-causes) 
factors

• Greenhouse gas emission 
• Land use changes /  Deforestation

Global Warming - Warming Of The Climate System Is Unequivocal

• Most of the observed increase in global average temperatures since the 
mid-20th century is very likely due to the observed increase in 
anthropogenic greenhouse gas concentrations (IPCC)



(Source: IPCC)



Climate change in HK = Global Warming + 

• Rise in mean air temperature (global warming + urbanization)

• Increase in rainfall 

• Rise in sea level

• Decrease in wind speeds (urban sheltering)

• Rise in the frequency of reduced visibility

• Increase in cloud amount 

• Reduction in the amount of solar radiation

Climate Change in Hong Kong – Observations

Local Urbanization Effect



There was an average rise of 1.2°C per 100 years from 1885 to 2007.
Globally, the average surface temperature rose by 0.74°C during 1906-2005 
(IPCC, 2007)

Annual mean temperature at the HK Observatory Headquarters 
(1885-2007) 



Annual mean temperature at the HK Observatory Headquarters
(1947-2007)

Warming at the Hong Kong Observatory Headquarters has become significantly 
faster in the period 1989 to 2007, at a rate of 0.34°C/decade. 



Annual Number of Hot Nights (Daily Minimum Temperature >=28oC)
in Hong Kong from 1947-2007
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Annual Number of Cold Days (Daily Minimum Temperature <= 12oC)
in Hong Kong from 1947-2007
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Annual Mean Number of Very Cold Days (Minimum Temperature =< 7oC) in a Decade
(No data in 1880-1884 ; 1937-1946 ; 2008-2009)
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Annual rainfall at the Hong Kong Observatory Headquarters 
(1947-2007)

The annual total rainfall at the Hong Kong Observatory Headquarters has been 
risen at a rate of 46mm/decade, though not statistically significant at 5% level.



Annual mean sea level at North Point/Quarry Bay (1954-2007)

The mean sea level in the Victoria Harbour has risen 0.13 m from 1954 to 
2007, at an average rate of 2.4 mm per year



Annual average of 12-hourly 10-minute mean wind speed 
of King’s Park and Waglan Island (1968-2007)

Waglan Island
no significant trend

King's Park
-0.60 m/s per decade

King's Park
-0.24 m/s per decade
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Relocation of anemometer
within King's Park

Growing of tall buildings increases the roughness of the surface
underlying the atmosphere and exerts a drag on the low-level winds



Annual total number of hours with visibility at the Hong Kong 
Observatory Headquarters below 8 km from 1968 to 2007 

(relative humidity below 95 % and not counting rain, mist or fog)

Caused by suspended particulates of one kind or 
another created by human activities in the city 



Annual mean cloud amount recorded at the 
Hong Kong Observatory Headquarters (1961-2007)

Urbanization causes the increase in the concentration of condensation nuclei in 
the air (a factor favourable to the formation of cloud)



Annual mean daily total global solar radiation at King's Park (1964-2007)

the annual mean daily global solar radiation has decreased at a rate of 0.84 MJm-2 per 
decade from 1964-2007. 



Long term trend in annual total evaporation, 1961-2005

Attributed to greatly decreased prevailing wind speed and reduced amount 
of solar radiation reaching the ground



Some questions
1. Why can scientists project the future climate, say in the 

next 100 years?
2. How do scientists make the projections?
3. How reliable are the projections?
4. Can individual extreme events be explained by 

Greenhouse warming?
5. How likely are major or abrupt climate changes, such 

as loss of ice sheets or changes in global ocean 
circulations?

6. If emissions of GHGs are reduced, how quickly do 
their concentration in the atmosphere decrease?

Ref - IPCC website and the AR4 reports



(Source: IPCC)



A Qualitative Description of the SRES Scenarios

(Source: IPCC)



Projections of carbon dioxide emission under the six emission scenarios (SRES scenarios)   
(Source: IPCC)

1. Population;
2. Economy;
4. Environment;
5. Equity;
6. Globalisation; and
7. Climate.

The inset reflects the 
various assumptions 
made on the future:



(Source: IPCC)

Projected global warming by climate models 
for different greenhouse gas emission scenarios



IPCC model projections by the end of the 21st century :

• global average sf temp will rise by a further 1.1 - 6.4°C  (best estimate 1.8 - 4.0°C)
• the global mean sea level will rise 0.18 to 0.59 meters 
• changes relative to 1980-1999

Projected global climate change in the 21st century

(Source: IPCC)



Project surface temperature change for the late 21st century (2090-2099)
Multi-AOGCM average projection for A1B SRES scenario. Temp relative to 1980-99

(Source: IPCC)



Schematic diagram showing the downscaling technique 
for future temperature in Hong Kong 



A
nn

ua
l m

ea
n 

te
m

pe
ra

tu
re

 a
no

m
al

y 
(

A
nn

ua
l m

ea
n 

te
m

pe
ra

tu
re

 a
no

m
al

y 
(oo

C
)C
)

DecadeDecade

+4.8 oC

+3.0 oC

+6.8 oC

ObservationObservation ProjectionProjection

Past and projected annual mean 
temperature anomaly for Hong Kong

high-end

low-end

middle-of
the-roadRelative to the 1980-1999 average of 23.1oC, 

the average temperature in Hong Kong in the 
decade 2090-2099 is expected to rise by 
4.8oC 

Past and projected temperature for Hong Kong

Mean global rise:
range 1.1- 6.4°C;  
best estimate 1.8 - 4.0°C



Global Sea Level Rise – past & Future
(Deviation from the 1980-1999 mean)

Over many 
centuries or 
millennia, sea 
level could rise 
by several 
meters

(Source: IPCC)



More Extreme weather events in future?

• Temperature
• Wind 
• Rainfall
• RH, Pressure
• Tropical cyclones 

What are these extreme events?



Extreme weather in HK

HKO Temperature

Lowest :   0.0 °C   (18 Jan 1893)
Highest：36.1 °C  (19 Aug 1900)

(18 Aug 1990)



Extreme weather in HK

Highest Wind Gust

HKO：259km/h 
(1 Sept 1962，Typhoon Wanda)

Waglan Island：234 km/h
(16 Sept 1999，Typhoon York)



Extreme weather in HK

Rainfall records (HKO)

Hour：145.5mm (7 June 2008)

Day：534.1mm (19 July 1926)

Month：1,346.1mm (June 2008)

Year：3,343.0mm (1997) [min 901.1mm (1963) ]

Rainfall intensity：513mm/h (Tate’s Cairn, 17 Aug 1971)



Extreme weather in HK

Relative Humidity (HKO)
Lowest：10%  (16 Jan 1959)

Pressure (HKO)
Lowest：953.2 hPa  (1 Sept 1962)
Highest：1035.4 hPa (6 Jan 1903)



Tropical Cyclone Extremes

Southern most TC track：2001Tropical Storm Vamei

(1947-2008)



Tropical Cyclone Extremes
Most intense: Typhoon Tip 06UTC 12 Oct 1979

165 kt or 306km/h 870hPa 

Largest Diameter : 
1,100km (NOAA)



Tropical Cyclone Extremes
Wettest ：Typhoon Sam (21-26 Aug 1999)

616.5 mm HKOHq #

# Rainfall at HKOHq on entering 600km & leaving 600km or 72h after dissipation



Tropical Cyclone Extremes
Fastest intensification：Typhoon Forrest (Sept 1983)

976hPa 876hPa in 24 hours (NOAA)

Fastest 
deepening



Tropical Cyclone Extremes
Fastest speed：Typhoon June (Nov 1975)

(70 kt or 130km/h in 6 hours)



Tropical Cyclone Extremes
Strange track： ：Typhoon Nat 

16 Sept – 2 Oct 1991



Tropical Cyclone Extremes
More strange track：Typhoon Nari (6-20 Sept 2001)



Tropical Cyclone Extremes
Very Strange track：Typhoon Wayne

18 Aug – 6 Sept 1986



Tropical Cyclone Extremes

Shortest living：TD (June 2000) 5 hours
HKO issued the No.3 Strong Signal directly



Tropical Cyclone Extremes
Longest life span:Typhoon John 31 days

(Aug – Sept 1994)

Source : NASA and National Hurricane Centre



Tropical Cyclone Extremes

Tropical Cyclone affecting HK
Max：11 (1974) Min：2 (1959、1997 & 2007)
Earliest：Typhoon Violet (9 April 1967)

Latest：Typhoon Irma (2 Dec 1974)



Schematic showing the effect on extreme temperatures when the mean temperature increases

(Source: Intergovernmental Panel on Climate Change)

(Source: IPCC)



Shift in frequency distribution of Tmax 
29.6°C (1901-1930) to 30.3°C (1971-2000) or 0.7°C

May to Sept



Shift in frequency distribution of Tmin 
16.9°C (1901-1930) to 17.8°C (1971-2000) or 0.9°C

Oct to April



Comparing return periods of rainfall in 
1900 & 2000 by GEV analysis

100mm/h



• Hourly RF 100mm – once every 37yr in 1900

• Hourly RF 100mm – once every 18yr in 2000
• Hourly RF 100mm – once every 9yr in 2100

(preliminary results)

Increasing return Periods for Tmin at HKOHq

• Tmin of 7°C (4°C) – 1.3yr (6yr) in 1900
• Tmin of 7°C (4°C) – 2 yr in (163yr) 2000
• Tmin of 7°C (4°C) – 12yr (→∞) in 2100

Tmin of 4°C is rare (return period of over 600yr) and 
0°C a non-occurrence in 2008

(preliminary results)

Diminishing return periods for heavy rain at HKOHq



Potential Impacts of Climate Change

• Rising temperatures with more frequent heat waves
• Sea level rise
• Further melting of snow cover, glaciers and ice sheets 
• Frequent floods and droughts  
• Changes in agriculture production and food supplies 
• Ecological and environmental imbalance 
• Enhanced spread of infectious diseases



Source :  
- Kovats S, Wolf T, Menne B. Heatwave of August 2003 in Europe: provisional estimates of the impact on mortality. Eurosurveillance Weekly. 11 March 2004; 
8(11). http://www.eurosurveillance.org/ew/2004/040311.asp
-Environmental Alert Bulletin, United Nations Environment Programme
-WHO

With a death toll estimated to exceed 30,000, 
the 2003 heat wave is one of the ten 
deadliest natural disasters in Europe for the 
last 100 years and the worst in the last 50 
years. Elderly people were most affected.



Flooding of the coastal areas becomes easier during 
typhoon approaches or heavy rain

Sea level rise causes flooding of coastal areas easier

waves caused by 
typhoon

rose in sea 
level

coast

coast

(Source: NOAA)



( Source : USGS)

Sea level rise leads to increase flooding risk in coastal areas



Between 1941 and 2004 the glacier retreated more than twelve kilometers and thinned by more than 800 meters.

Muir Glacier, Alaska's Glacier Bay 

August 13, 1941 August 31, 2004

(Image Credit: NSIDC)

Melting of ice caps and glaciers

Global warming leads to the melting of ice caps and  glaciers.  
Melted ice-water flows into the sea & contributes to sea level rise.





(Source: IPCC)



Projected Regional Impacts of Climate Change

(Source: IPCC)



Impacts due to changes in extreme wx/climate events
(mid-late 21st century)

(Source: IPCC)



Examples of planned adaptation by sector

(Source: IPCC)



What we can do – sectoral mitigation

(Source: IPCC)



Outreaching Activities by HKO

Educational package & DVD on climate change

Website on Climate Change

School visits & talks promoting awareness 
and understanding of climate change



Some questions
1. Why can scientists project the future climate, say in the 

next 100 years?
2. How do scientists make the projections?
3. How reliable are the projections?
4. Can individual extreme events be explained by 

Greenhouse warming?
5. How likely are major or abrupt climate changes, such 

as loss of ice sheets or changes in global ocean 
circulations?

6. If emissions of GHGs are reduced, how quickly do 
their concentration in the atmosphere decrease?

Ref - IPCC website and the AR4 reports



Some answers
4. Can individual extreme events be explained by Greenhouse 
warming?
Very difficult if not impossible because of 1) extremes are usually by a combination of factors & 2) a 
wide range of extreme events is a normal occurrence even in an unchanging climate.

5. How likely are major or abrupt climate changes, such as loss of ice 
sheets or changes in global ocean circulations?
Abrupt changes, such as rapid loss of the Greenland Ice Sheet or large scale changes of ocean 
circulation systems, are not considered likely in the 21st century based on currently available model 
results.  However such changes becomes increasing more likely as the perturbation of the climate 
system progress.

6. If emissions of GHGs are reduced, how quickly do their 
concentration in the atmosphere decrease?
Adjustment of GHG concentrations depends on chemical & physical processes that remove them 
from the atmosphere.  Some GHG decrease immediately in response to emission reduction while 
others can actually continue for centuries even with reduced emissions.



United Nations Framework Convention on Climate Change 
(UNFCCC) 
http://unfccc.int/
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Prof Martin Rees
President of the Royal Society, 

Professor of Cosmology & Astrophysics, Cambridge University

“This report (IPCCC AR4) makes it clear, more convincingly 
than ever before, that human actions are writ large on the 
changes we are seeing, and will see, to our climate. 

The IPCC strongly emphasises that substantial climate 
change is inevitable, and we will have to adapt to this.

This should compel all of us - world leaders, businesses and 
individuals - towards action rather than the paralysis of fear.

We need both to reduce our emissions of greenhouse 
gases and to prepare for the impacts of climate change.

Those who would claim otherwise can no longer use science 
as a basis for their argument. 



THANK YOU!



Abbreviations

IPCC    : Intergovernmental Panel on Climate Change 
NOAA  : National Oceanic Atmospheric Administration
NASA  : National Aeronautics and Space Administration 
UCAR  : University Corporation for Atmospheric Research
USGS  : US Geological Survey
WHO   : World Health Organization
NSIDC : National Snow and Ice Data Center


