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Malaysia is a Megabiodiversity Country

UNIVERSITI KEBANGSAAN MALAYSIA

Sensitive to temperature change and 
water related stresses
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Climate Change Impacts on the Pysical and Biological 
Systems

Major gap in 
SEA region

29,000 
observational 
data series,
~ 90% show 
changes  
consistent

UNIVERSITI KEBANGSAAN MALAYSIA

consistent 
with warming

(IPCC WGII, 2007)

Reasons for gaps / imbalance

• lack of access by IPCC authors, 
• lack of data, research and published 

studies
• lack of knowledge of system sensitivity, 

differing system responses to climate 
variablesvariables, 

• Lag effects in responses, resilience in 
systems and the presence of adaptation.

(IPCC WGII, 2007)
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Projected Climate Change Impacts on Ecosystems

UNIVERSITI KEBANGSAAN MALAYSIA

Outline
• IPCC and IPCC Assessment
• Gaps in understanding of monsoon system in Malaysia• Gaps in understanding of monsoon system in Malaysia
• Gaps in understanding of regional climate phenomena –

ENSO, IOD, MJO
• Gaps in understanding of extreme events
• Gaps in understanding of oceanographic aspects of 

regional seas e.g. South China Sea
• Gaps in climate modeling
• Summary and way forward
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Inter‐governmental Panel on Climate Change (IPCC)

UNGA 42 proposed the establishment 
of IPCC  and in 1988 IPCC was 

established under WMO and UNEP

NATIONAL UNIVERSITY OF MALAYSIA

Why IPCC?

• Prior to the establishment of IPCC, growing number of 
literatures indicate the Earth’s climate system is warming due to 
increasing GHG concentration in atmosphere 

• Independent, objective, fair and transparent assessment of the 
state of global climate system is required

• The establishment of IPCC was for this purpose 
• The IPCC provides such assessment and this becomes the 

source of information to policy makers and UNFCCC on 1. 
causes of climate change, 2. potential impacts on built and 

t l t d i i 3 iblnatural systems and socio-economic, 3. possible response 
options.

• IPCC Reports are policy-relevant NOT policy-prescriptive
• Four assessment reports so far & AR5 will be out by 2013.

NATIONAL UNIVERSITY OF MALAYSIA
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Research vs. IPCC Process

IPCC Doesn’t Conduct Research

Independent 
research, 

Knowledge 
generation, 

publication of 
literatures by 

Scientific 

IPCC 
Assessment 

Process

IPCC
Assessment

Report

community  

IPCC doesn’t involve 
at this stage

NATIONAL UNIVERSITY OF MALAYSIA

IPCC Assessment Process

IPCC assessment is based on available 
peer‐reviewed publications

NATIONAL UNIVERSITY OF MALAYSIA
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The IPCC Fourth Assessment Report (2007)

(WG I) (WG II) (WG III)

UNIVERSITI KEBANGSAAN MALAYSIA

“Warming of the Earth’s Climate System is 
unequivocal” --- WGI

Global temperature increase & attribution to GHG

The temperature 
increase after middle 
of 20th century was

UNIVERSITI KEBANGSAAN MALAYSIA

of 20th century was 
attributed to increased 
GHG concentration

(IPCC 2007)



12/28/2010

7

Attribution to Anthropogenic Forcing

Modeling Results

(Natural + Anthropogenic) (Natural)
(IPCC 2007)

NATIONAL UNIVERSITY OF MALAYSIA

What causes these changes? Increasing concentration of 
GHG in the atmosphere

(Source: IPCC 2007)

NATIONAL UNIVERSITY OF MALAYSIA
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Naturally it took about 20,000 years for 
CO2 concentration to increase from the 
lowest level of about 200 ppm during 
glacial period to 280 ppm during antiglacial period to 280 ppm during anti-
glacial period.

Human race in about 100 years, a mere 
blink of an eye compared to 20,000 
years, has dramatically increased the 
CO2 concentration from 280 ppm to 
current level of about 380 ppm 

(Source: IPCC 2007)

Global Mean Temperature Projection

UNIVERSITI KEBANGSAAN MALAYSIA (IPCC 2007)
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Current Global GHG Emission

UNIVERSITI KEBANGSAAN MALAYSIA

Since 2004 we’re already trekking above 
the IPCC worst-case emission scenario

(UNEP 2009)

Projected Pattern of Precipitation Changes by 2100

(IPCC 2007)

NATIONAL UNIVERSITY OF MALAYSIA
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Projection of Heat Waves

AIB: (2080-2099) – (1980-1999)

(IPCC 2007)

NATIONAL UNIVERSITY OF MALAYSIA

Projection of Precipitation Extremes

A1B: (2080-2099) – (1980-1999)

(IPCC 2007)

NATIONAL UNIVERSITY OF MALAYSIA
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Regional Mean Temperature Projection

• AR4 did not provide 
detailed projection at a 
particular region

• In AR5 the focus will be 
for regional climate 
phenomena although Atlas 
of global and regional 
projection will be provided.

• For local / regional 
impact study, IPCC 

(IPCC 2007)

assessment won’t be 
adequate. Downscaling of 
GCM to local / regional 
scales is still needed

NATIONAL UNIVERSITY OF MALAYSIA

New features in WGI AR5

Annex I: Atlas of Global and Regional Climate Projections:
Editorial Team, Review Editor Team, Advisory Board

The full Outline of WGI is available on www.ipcc.unibe.ch
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Structure of AR5 in perspective

Climate Change

FAR 1990
11 Chapters

SAR 1995
11 Chapters

TAR 2001
14 Chapters

AR4 2007
11 Chapters

AR5 2013
14 Chapters

2013

observations

l li t

UNIVERSITI KEBANGSAAN MALAYSIA

paleoclimate
sea level
clouds
carbon cycle

regional change

Description of slide / Title of slide

  50oN SWM (Late May to Sept)

NEM (Nov to March)

Monsoon & Dominant Modes of Climate 
Variability

  25oS 

   0o  

  25oN 

INDIAN OCEAN

PACIFC OCEAN

UNIVERSITI KEBANGSAAN MALAYSIA

  50oE  100oE  150oE  160oW  110oW   60oW 

  50oS 

Indian Ocean Dipole (IOD), El Nino-Southern Oscillation (ENSO) ----
Interannual oscillation (2-7 years)

Madden-Julian Oscillation (MJO) – intra-seasonal oscillation (20-60 days)
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Understanding of future climateUnderstanding of future climate 
change requires complete 
knowledge of the climate 

system itself

[Patterns of variability, monsoon,
extreme events, interconnections]

Level of understanding of our 
climate system and how itclimate system and how it 
changes and responds to 

anthropogenic warming is still 

LOW & PATCHY
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Why lack of knowledge?
• Lack of research, published materials
• In the past research related to climate not given priority• In the past, research related to climate not given priority
• Lack of expertise, capacity and capability

– We have limited  or no relevant academic program 
(e.g. Atmospheric Science) in our universities in 
Malaysia

– We have limited number of climatologists, physical 
oceanographer, climate modeler in Malaysia 

– We have limited group conducting and focusing in 
climate research   

Level of understanding of the 
monsoon system
• Good for basic monsoon 

li t lclimatology
• Poor for monsoon variability
• Poor for monsoon 

teleconnection with tropical 
climate phenomena – ENSOclimate phenomena – ENSO, 
IOD, MJO

• Poor for monsoon changes 
associated with climate change
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We evaluated the 
performance of 19 (15 
for wind) IPCC-PCMDI 
GCM i i l tiGCMs in simulating 
precipitation and wind 
(U and V) annual 
cycles for the 20th

experiment (20c3m) 
by averaging the y g g
precipitation and wind 
(U and V)  for the 
indicated box and the 
spatial pattern.

)

Over estimated during 
summer

month
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m

OBS= CMAP
gfo=GFDL-CM2.0 (USA)
gf1=GFDL-CM2.1 (USA)
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CNR=CNRM-CM3 (France)
GIR=GISS-ER(USA)

IAP=FGOALS-g1.0 (CHINA)

month

P
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n 
(m

m
)

MRI=MRI-CGCM2.3.2 (JAPAN)
CSR=CSIRO-MK3.0 (AUSTRALIA)

CCM=CGCM3.1 (CANADA)
MIU=ECHO-G (GERMANY / KOREA)
MPI=ECHAM5/MPI-OM (GERMANY)

month
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m
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month
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n 
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UKC=UKMO-HadCM3(UK)
UKG=UKMO-HadGEM1(UK)
IPS=IPSL-CM4 (FRANCE)

CMAP HadGEM1
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CMAP HadCM3
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HadCM3 (A1B) HadAM3P (A2)

Projected Mean Surface Temperature Change by the end of 21st

century

oC

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM

HadCM3 (A1B) HadAM3P(A2)

Projected Mean Surface Temperature Change by the end of 21st

century

oC

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM
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HadCM3(A1B) HadAM3P(A2)

Projected Mean Surface Temperature Change by the end of 21st

century

oC

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM

HadCM3(A1B) HadAM3P(A2)

Projected Mean Surface Temperature Change by the end of 21st

century

oC

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM
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HadCM3(A1B) HadAM3P(A2)

Projected Mean Precipitation Change by the end 
of 21st century

mm

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM

HadCM3(A1B) HadAM3P (A2)

Projected Mean Precipitation Change by the end 
of 21st century

mm

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM
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HadCM3(A1B) HadAM3P(A2)

Projected Mean Precipitation Change by the end 
of 21st century

mm

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM

HadCM3(A1B) HadAM3P(A2)

Projected Mean Precipitation Change by the end 
of 21st century

mm

Research Centre for Tropical Climate Change System (IKLIM) / NAHRIM
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Level of understanding of 
ENSO, IOD and MJO
• Moderate for how these phenomena 

modulate anomalous rainfall overmodulate anomalous rainfall over 
Malaysia

• Poor for how these phenomena 
interact with monsoon system

• Poor for how anthropogenic warming 
affects these phenomena (frequency

MJO

affects these phenomena (frequency 
and intensity)

• Poor for present climate models to 
simulate these phenomena 
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Dominant mode of Seasonal evolution of ENSO related 
signal in anomalous precipitation (~ 20% total variance)

Initial 
phase

Peak 
phase

Juneng and Tangang (Clim 
Dyn 2005)

Juneng and Tangang 
(Clim Dyn . 2005)

Typical evolution anomalous 
SST associated with an El 
Nino ( La Nina)
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Evolution of ENSO Signal over SEA is 
due to Ocean-Atmosphere Interaction

SIO Region NWP Region

(Wang et al. 2003)

70
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Percent of squared 
covariance of SVD modes

Singular Value Decomposition (SVD)
between Station Northeast Monsoon rainfall and SST 
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(Juneng and Tangang, 2006)
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Spatial and temporal patterns for Mode 1 (~78%)Spatial and temporal patterns for Mode 1 (~78%)

1 0
Malaysia Monsoon Rainfall (Mode 1)(a)
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(Juneng and Tangang, 2006)

Spatial and temporal patterns for Mode 2 (~15%)Spatial and temporal patterns for Mode 2 (~15%)

Malaysia Monsoon Rainfall (Mode 2)
1.0
(a)

Sea Surface Temperature (Mode 2)
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(Juneng and Tangang, 2006)
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Comparison of SST patterns between Mode 1 and Comparison of SST patterns between Mode 1 and 
Mode 2Mode 2

Sea Surface Temperature (Mode 1)

Significant 
Impacts

Sea Surface Temperature (Mode 2)

(Typical El Nino)

Impacts 
over Sabah 
& Sarawak

(El Nino Modoki)

Significant 
Impacts 
over 
Peninsular 
Malaysia

Economic Impacts 
to Malaysia

1997 Haze Episode

Institute of Southeast Asian Studies, Singapore / International Development Research 
Centre, Canada

Source: Shahwahid & Othman (1999)
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Schematic Representation of MJO eastward propagation from 
Indian Ocean to western Pacific Ocean

Science gaps –
how MJO would be 
affected by 
warming?

How the changesHow the changes 
would affect the 
region?

Weak1 5

MJO Composites of Daily Rainfall Anomaly (JJA)

2

3

6

7

Jamaludin, 
Tangang, Juneng, 
Wheeler, Yu (2010, 
in prep)

4 8
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Level of understanding of extreme 
events (e.g. drought, floods, storm)

• Moderate understanding of the 
mechanism of these extreme events

• Poor understanding how the frequency 
and intensity of these events would be 
affected by climate changeaffected by climate change

The 2006 / 2007 Flood

•Major floodj

•Duration  > 1 month

•No. of Evacuees > 200,000 people

•16 deaths•16 deaths

•Economic losses > USD 500 million
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(1st )

(2nd )

2006 2007 (3rd )

(mm)

(Tangang et al. 2008, GRL)

Courtesy: Prof. Mike Chen, Iowa State University
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cold surge

Synoptic circulation during 
winter monsoon

Cold surges ---
pluses of strong

Borneo Vortex

pluses of strong 
northeasterly 
winds 

Borneo vortex –
low level cyclonic 
circulation system
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1 2

1.4

1.6

1.8

2

2.2
x 10-5 DJF Area Averaged vorticity

Sig 95%

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
0.8

1

1.2

10

11

12

13
x 10-6 DJF Area Averaged vorticity

AREA AVERAGED VORTICITY

Sig 95%

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
4

5

6

7

8

9

10

The positional shift of the vortex centers

4
Averaged Latitudal Position of Vortex Centers

113.5
Averaged Longitudal Position of Vortex Centers

LATITUDAL LONGITUDAL

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
0

0.5

1

1.5

2

2.5

3

3.5

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
109

109.5

110

110.5

111

111.5

112

112.5

113Sig 95%

There is a slight northwestward shift (off shore) of the vortex centers

The vortex tended to be more over 
water than land
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Trend of the Cold Surge Wind
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-1.5
V-component

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
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-6

-5.5
U-component

Sig 95%

10 m/s

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
-9.5

-9

-8.5

-8

-7.5

-7

-6.5

Increased Easterly component

Coastal Erosion 
in  west coast of 
Sabah
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Malaysia coastline=4809 kmMalaysia coastline=4809 km
~30% (1380 km) facing serious 

erosion (DID)

Changes in the Wave Characteristics (SWH)

UNIVERSITI KEBANGSAAN MALAYSIA

(IPCC WGI, 2007)
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Higher SLR in the Southeast Asia region

LinearLinear 
trend of 
SLR for 
1955-
2005

UNIVERSITI KEBANGSAAN MALAYSIA

2005 
(mm/yr)

(IPCC 2007)

Future Droughts Projections

Sheffield and Wood (2008, Clim Dyn): Projected changes in drought 
occurrence under future global warming

Yet to be assessed by IPCC



12/28/2010

37

Frequency of 4-6 months drought 
(30yr-1)

Sheffiled and Wood (2008)

Frequency of 12+ months drought 
(30yr-1)

Sheffiled and Wood (2008)



12/28/2010

38

Level of understanding of 
changes in our seas
• Poor understanding of how current / 

circulation would be affected by climatecirculation would be affected by climate 
change

• Poor understanding of how waves / storm 
surge would be affected by climate change

• Poor understanding on how local 
atmosphere ocean interaction would beatmosphere-ocean interaction would be 
affected.

• Poor understanding of Sea Level Rise 
within our coastlines
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Climate and Ocean Modeling

• Lack in capability to run GCM
• Poor understanding of how 

various processes are 
represented in the models

• Moderate ability to run 
regional climate / atmosphericregional climate / atmospheric 
models / Ocean Model (e.g. 
PRECIS, MM5, WRF, POM, 
ROMS)



12/28/2010

40
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9 – 11 DEC 2004

Q lit fQuality of 
simulation is 
very dependant 
on the cumulus 
parametrization 
schemes 
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Conclusion & Way Forward

• Level of understanding of the climate system in 
Malaysia and how the climate is changing areMalaysia and how the climate is changing are 
incomplete and patchy.

• We need to seriously consider  and strategize to 
enhance our capacity and capability in research 
of climate system and its components.

• We need to increase and facilitate research in• We need to increase and facilitate research in 
climate system (e.g. more funding, free access to 
data) 

Thank You


