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Introduction
Modelling Steps Involved in the Production of Climate 

Change Information

GHG Emission and 
Concentration Scenarios

l d h

Steps Involved in the Production of Climate Change Information

Coupled Atmosphere‐Ocean 
General Circulation Models 

(AOGCMs) Projections

Regionalization Techniques                    
(tools to refine or 

downscale)

High‐resolution 
“time‐ slice” 
Atmosphere GCM 
(AGCMs)

Variable resolution 

Statistical 
downscaling (SD) 
methods

Nested Regional 
Climate Models       
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Variable resolution 
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Atmosphere-Ocean General Circulation Models 
(AOGCMs)

Climate Change Scenario from Ten AOGCMs:
Temperature Trends
Rainfall Trends
The Winter Monsoon Intensity Projection

NameName, , Institution Institution and Resolution of AOGCM Modelsand Resolution of AOGCM Models

Model Institution Resolution

CNCM3 Meteo-France 2.8˚ x 2.8˚

MRCGCM Meteorological Research Institute Japan T42 (≈2 8˚x 2 8˚)MRCGCM Meteorological Research Institute, Japan T42 (≈2.8 x 2.8 )

FGOALS Institute of Atmospheric Physics, China T42 (≈2.8˚x 2.8˚)

GFCM20 NOAA/GFDL, USA 2.5˚ x 2.0˚

HADCM3 Hadley Centre, UK 3.75˚x 2.5˚

MIHR JAMSTEC, Japan T42 (≈2.8˚x 2.8˚)

MPEH5 Max Plank Institute, Germany T63 (≈1.8˚x 1.8˚)

NCPCM NCAR, USA 2.8˚ x 2.8˚

CSMK3 CSIRO Atmospheric Research 2.8˚ x 2.8˚

CGMR Canadian Centre for Climate Modeling &
Analysis

T47 (≈3.75˚x 
3.75˚)
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Peninsular Malaysia

Sarawak Sabah

Selected Selected Domains Domains OOver ver the Malaysian the Malaysian RegionRegion

Projected Temperature Changes Relative to the Baseline (1961Projected Temperature Changes Relative to the Baseline (1961--1990) for 1990) for Peninsular Malaysia Peninsular Malaysia 
from Ten AOGCMs, Based on SRES A1B Scenariofrom Ten AOGCMs, Based on SRES A1B Scenario

3.9oC

1.6oC

2.2oC

1.1oC
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Projected Temperature Changes Relative to the Baseline (1961Projected Temperature Changes Relative to the Baseline (1961--1990) for 1990) for SabahSabah
from Ten AOGCMs, Based on SRES A1B Scenariofrom Ten AOGCMs, Based on SRES A1B Scenario

3.8oC

1.5oC

2.1oC

1.0oC

Projected Temperature Changes Relative to the Baseline (1961Projected Temperature Changes Relative to the Baseline (1961--1990) for 1990) for SarawakSarawak
from Ten AOGCMs, Based on SRES A1Bfrom Ten AOGCMs, Based on SRES A1B

3.6oC

1.5oC

2.0oC

1.0oC
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Projected Rainfall Changes (%) Relative to the Baseline (1961Projected Rainfall Changes (%) Relative to the Baseline (1961--1990) for 1990) for Peninsular MalaysiaPeninsular Malaysia
from Ten GCMs, Based on SRES AIB Scenariofrom Ten GCMs, Based on SRES AIB Scenario

Projected Rainfall Changes (%) Relative to the Baseline (1961Projected Rainfall Changes (%) Relative to the Baseline (1961--1990) for 1990) for Peninsular Malaysia Peninsular Malaysia 
from Ten AOGCMs, Based on SRES A1Bfrom Ten AOGCMs, Based on SRES A1B
(10(10--year Running Mean: Lowyear Running Mean: Low--Pass Filter)Pass Filter)
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Projected Rainfall Changes (%) Relative to the Baseline (1961Projected Rainfall Changes (%) Relative to the Baseline (1961--1990) for 1990) for SabahSabah
from Ten GCMs, Based on SRES A1B Scenariofrom Ten GCMs, Based on SRES A1B Scenario

(10(10--year Running Mean: Lowyear Running Mean: Low--Pass Filter)Pass Filter)

1010--year Running Mean of Projected Rainfall Changes (%) Relative to the Baseline (1961year Running Mean of Projected Rainfall Changes (%) Relative to the Baseline (1961--
1990) for 1990) for SarawakSarawak from Ten GCMs, Based on SRES A1Bfrom Ten GCMs, Based on SRES A1B

(10(10--year Running Mean: Lowyear Running Mean: Low--Pass Filter)Pass Filter)
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Projected Wind Anomaly for the Winter Monsoon Season (DJF) During the Late 21st
Century (2090‐2099) Relative to the Period 1990‐1999 (Last Decade of the 20th

Century) Based on SRES A1B

10-AOGCM ENSEMBLE PROJECTION OF THE 
WINTER MONSOON INDEX (2001 – 2099)

Winter Monsoon Index (WMI):   Area Averaged SLP Anomaly 
Difference Between (110-120oE, 20-45oN) and (150-160oE, 20-45oN)
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• Weakening of Siberia High
• Weakening and/or northward shift of the Aleutian Low
• Weakened pressure gradient in the eastern coast of

the Asian continent

Overall weakening of Winter 
Monsoon:

i.e. weakening of the
winter monsoon

northwest flows over
northern China to the Pacific
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Model Climatology (1961‐1990)

Mean Seasonal 850 hPa Wind Anomaly (DJF)

Anomaly (2071‐2100) A1B

Weakening of South China Sea Northeast 
Winds & Equatorial Western Pacific 
Easterly Winds

Weakening of Northeast Monsoon

GENERAL CIRCULATION MODELS (GCM)
Coarse resolutions.
Reliable climate information at local scales cannot be obtainedReliable climate information at local scales cannot be obtained
Extreme events (cyclone, heavy rainfall events) not captured or 
unrealistic low intensity at coarse resolution

FOR IMPACT STUDIES – FINE SCALE RESOLUTION IS 
NECESSARY
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Downscaling of AOGCMs:Downscaling of AOGCMs:

Statistical downscalingStatistical downscaling

Large Scale GCM Simulated Variable (PREDICTOR)

Weather Tying Schemes

Regression Models 
(Linear / Non‐Linear)

TRANSFER  FUNCTION

Weather Tying Schemes

Weather Generators

Local Scale Surface Climate Variable (PREDICTAND)

Weather Generators
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ADVANTAGES

• Relatively Cheap Computational Cost

• Generation of Multiple Scenario and Multiple 
AOGCM Ensemble (Accounts for Wide Uncertainties) 

DISADVANTAGES

• Based upon assumption that predictor‐predictand relationship

does not change over course of climate change period considered

(Non‐Physically Based). This may not be true.( y y ) y

• Cannot be applied on spatial locations without sufficient record

of observations (Data Driven Approach)

PREDICTOR ‐ PREDICTAND

At UKM (IKLIM):
Canonical Correlation Analysis (CCA) algorithm (non‐linear regression 
methodology) ‐ downscale predictors from AOGCMs to obtain predictands 

AOGCM – obtained from National Center for Environment Prediction 
(NCEP)(NCEP)
‐ 14 AOGCMs
‐ Baseline (1970 – 1999)
‐ Future Projection ( A2 Scenario – 2070 to 2100)

Different predictor – predictand relationship for different seasons

North East Monsoon (DJF)  ‐ sea level pressure (predictor)
‐ precipitation (predictand)

South West Monsoon (JJA)   ‐ 500hPa Geopotential height (predictor) 
‐ 850hPa Relative Humidity (predictor)
‐ Surface Temperatures (predictand)



12/28/2010

12

South West Monsoon Surface Temperature Projections

Surface Mean Temperature Anomaly for 2071 to 2100 Surface Mean Maximum Temperature Anomaly for 2071 to 2100 Surface Mean Temperature Anomaly for 2071 to 2100 Surface Mean Maximum Temperature Anomaly for 2071 to 2100 

Surface Mean Minimum Temperature Anomaly for 2071 to 2100

North East Monsoon Precipitation ProjectionsNorth East Monsoon Precipitation Projections

Precipitation Anomaly (%) for 2071 to 2100

Downscaling of AOGCMs:Downscaling of AOGCMs:

Dynamical downscalingDynamical downscaling
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AOGCMs to Regional Impacts/Adaptive Responses: Modelling Path

AOGCM & AGCM
simulates the response
of the global circulation
to large scale forcings
(e.g. GHG radiative
forcing)forcing) 

Nested RCM simulates
The effect of sub-GCM
scale regional forcings
(e.g. topography, veg. ..)

It is important to stress that 
when used in one-way mode:

PRECIS (50km / 25 km)

y

nested RCMs are not 
expected to correct large 
errors in the GCM forcing 
fields; but

mostly to add fine-scale 
regional information to the 
large scale climate signal

ADVANTAGES:

• Physically based model representing important 

components of Climate System.

• High Spatial and Temporal resolution compared to  

AOGCM (Suitable for Impact Studies).

DISADVANTAGES:

• Main response of RCM very much dependent on AOGCM

simulation. Errors in AOGCM will be carried on to RCM

simulation.

• New growth of errors in the dynamical downscaling

process.
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Providing Regional Climates for Impacts Studies 
(PRECIS)

1.3 °C 1.9°C   3.1°C
1.1°C    1.7°C    2.9°C 1.2°C  1.9°C 3.0°C

1.0°C    1.7°C   2.8°C

Annual Mean Temperature Anomaly Relative to 1990 ‐ 1999

1.5°C  2.0°C 3.2°C
1.2°C    2.0°C 3.4°C

1.4°C    1.9°C    3.2°C 1.4°C  2.0°C 3.8°C

2020 ‐ 2029 2050 ‐ 2059 2090 ‐ 2099
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Projected Temperature Changes Relative to the Baseline (1961-1990) for Peninsular Malaysia
from Ten AOGCMs, Based on SRES A1B

3.9oC

1.6oC

Projected Temperature Changes Relative to the Baseline (1961-1990) for Sabah from Ten 
GCMs, Based on SRES A1B

3.8oC

1.5oC
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Projected Temperature Changes Relative to the Baseline (1961-1990) for Sarawak from Ten 
AOGCMs, Based on SRES A1B

3.6oC

1.5oC

-11.3 6.4 11.9 ‐18.7  ‐6.0  4.1

‐8.9  –1.2  0.3

‐17.5  –12.8      –3.6

Annual Mean Rainfall Anomaly (%) Relative to 1990 – 1999

‐10.2  2.3     14.1

‐8.8  3.8    14.6

‐14.6      ‐0.2  15.2 ‐‐9.1      –1.3 6.2

2090 ‐ 20992050 ‐ 20592020 ‐ 2029
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Projected Rainfall Changes (%) Relative to the Baseline (1961-1990) for Peninsular 
Malaysia from Ten AOGCMs, Based on SRES A1B

Projected Rainfall Changes (%) Relative to the Baseline (1961-1990) for Sabah from Ten 
AOGCMs, Based on SRES A1B
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Projected Rainfall Changes (%) Relative to the Baseline (1961-1990) for Sarawak from Ten 
AOGCMs, Based on SRES A1B

Discussion and Conclusion
Uncertainties & A Path Toward Credible 

(Robust Findings) Climate Change Scenarios
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Projected Rainfall Changes (%) for the Projected Rainfall Changes (%) for the period period ((2025 2025 –– 2034) 2034) Relative to the Period Relative to the Period 
19611961‐‐1990 (Baseline) 1990 (Baseline) Based on SRES Based on SRES A1B ScenarioA1B Scenario

Projected Rainfall Changes (%) for the Middle of 21Projected Rainfall Changes (%) for the Middle of 21stst Century (Century (2041 2041 –– 2050) 2050) Relative Relative 
to the Period to the Period 19611961‐‐1990 (Baseline) 1990 (Baseline) Based on SRES Based on SRES A1B ScenarioA1B Scenario
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Projected Rainfall Changes (%) for the Projected Rainfall Changes (%) for the End End of 21of 21stst Century (Century (2090 2090 –– 2099) 2099) Relative to Relative to 
the Period the Period 19611961‐‐1990 (Baseline) 1990 (Baseline) Based on SRES A1BBased on SRES A1B

Chaos Theory

Actual 

Forecast Forecast Forecast

Actual

Small errors in initial state leads to large errors in 
forecast

Unstable Atmospheric System

Solutions converge

Stable System
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X0X1
X2

F0

F1 X0 - Initial state of the 
actual atmosphere

X1 - Perturbed initial 
Condition 1

Unstable  
Atmospheric

System

t
t + ∂t

F2 X2 - Perturbed initial 
Condition 2

F0 - Actual evolution of 
the atmosphere

F1 - Prediction based on 
the X1

System

t
t + ∂t

X0

X1

X2

F0

F1

F2

F2 - Prediction based on 
the X2

A  Stable 
System

Grand Ensemble :
Example From a Single AOGCM with a Single GHG Scenario 
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Source of Uncertainty Ways to address it

Concluding Remarks:

Future emission Run RCM for a range of emission 
scenarios

Incomplete understanding / 
imperfect representation of 
processes in models (“science 
uncertainty”)

Use projections from a range of GCMs

Natural variablity Use an ensemble of GCM projections Natural variablity p j
with different initial conditions

THANK YOU


